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CHAPTER 1 ;N.\,;

CANNON WEAPON SYSITtEMS OF THE FIELL ARTILLERY A_§

Section |. GENCRAL L ;:

'  ~. \.\;

1-1. Referonces compare & Koman catapuit with a moders, oriillery ) §
™ 9-1015-203-12, TM 9-1016-234-12, TM 9- canrion seems sisurd. Yei, the only ;}iffg;cx:cc_ia ““*?‘fx
1025-200-12, ™™ $-1025-211-10, TM 9-2300- the kind of energy inai sends thie projeciile on its 5;_,‘ %
216-10, TM 9-6920-361-13, and TM 9-6920-357- way. R -N
10-2. b. Every artillery otticer shioniu be familiay with R Q’{
1-2. Introduction the characteristics and Ssnctioning of windem §
) . . artillery wespone; and as @ nisticr of mntersat, he T §
6. In order to acquaint ourselves with the also should have knowledge > ‘ho histoiion) a3
historical development of modern artillery we development of these wesuons. A

must take a step back in the pages of history. 1o o

Section li. EXPLANATION

1-3. Period: ?B.C.—A.D. 1100 ' v

a. In the dawn of history, war engines were
periorming the function of artiliery (which may be
loosely defined as a means of hurling missiles too
heavy to be thrown by hand), and it was from the
use of these crude weapons that the basic
principles of artillery originated. The Scriptures
record the use of ingerious machines—probably
predecessors of the catapult and ballista, getting
power from twisted ropes made of hair, hide, or
%igew——on the walls of Jerusalem eight centuries

b. Theballista (fig 1-1) had horizontal armslikc
& bow and was used to reduce fortifications. The
arms were et in rope; a cord, fastened to the arms
like a bowstring, fired arrows, darts, and stones.
Like a modern field gun, the ballista shot low and
directly towet.rd the enemy.

c. The catapult (fig 1-2) was the howitzer or
mertar of ite day. It could throw 2 100-pound stone

‘.
Y

Figure 1-1. Ballista. !

)

630 yards in a high arc to otrike the enemy behind
his wall or to batter down his defenses.

1-4. Period: A.D. 1100-—-A.D. 19862
a. A ninth century Latin manuscript found in

Iﬂ,} Europe contains a formula for gunpowder.

NG

i
|
'

<. However, the first show of firearms in western

*Supersedes HB-1 WCXXWS, Dec 81.

Europe is credited to the Mcors :.. Saragossa in
A.D. 1118. The earliest known cannon was a cast
iron weapon (fig 1-3) shaped like a jug—large
rcund body, narrow neck, and flared mouth. The
projectile was an iron dart. The shaft of the dart
wag wrapped in leather to fit tightly into the neck
of the piece, Range was about 700 yards and



Figure 1-2. Cutapull.

Figure 1-3. Pot de fer.

accuracy was doubtful. Due to its peculiar shape,
this cannon was called the pot de fer (iron jug).

b. For approximately 300 years cannons
remained small crude tubes which tossed 1- or
2-pound lead or iron balls. By the middle of the
15th century cannons had developed into
enonmnous bombards (fig 1-4) with calibers up to 25
inches. One of these tremendous weapons was the
Mons Meg of Edinburgh Castle, which threw a
19%4~inch iron ball 1,400 yards or a stone ball twice
as far. The formidable bombards of the Turks are
another example of the 15th century cannon. Some
of these weapons were of cast bronze, weighed 19
tons, and could fire 600-pound stones at therate of
seven shots a day. The technique of employing
these weapons was to emplace them about 120
yards from the wall or fortress to be battered down.
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Figure 1. Bombard

Tuis nlaced the crow well within cange of exper,
bornen wn there was usually a mansie woaden
shiie? ovralgoed aver e gen to proiect the
persunnc while wiisy eeded the weapon, This
sulcid could tion e vl g Ceing.

2

e, Duzang the perisl 10hL ~1808, tiemendous
advaies wei D meds ~ Mot bronze and cust
This e saw . development
and stenduardizancs of malibers, the uso of wheels
and mtawes fur mwotnlity (fix 1-5), and the Svst
arsanis o usd a rifled vore with elongated
projeciiles > increased accuracy and vange. This
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hud del>ated and eliminated the huge stone castles
ana foriressce which had dominated that period of
history.

d. In 1855, England’s Lord Armstrong designed
a rifled, breech-loading cannon (fiz 1-6) which
meant the beginning of the end tor the old, cast
iron, round-shot, muzzle-loading cannon. This
particular design was the first to use a cast tube
with exterior hoops shrunk on over the tube to
reinforce the metal, thus permitting longer ranges
from lighter weapons, During the period of our
own Civil War, Capit. T.J. Rodman, Army

Figure 1-5. Mobile artillery piece circa 1650,
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Figure 1-6. Mobile ariillery piece circa 1565,

N KTV TS X

Oxdnance, perfected a method of casting bayrels

which was the greatest “breakthrough” for

rmuzzle-loading actillery in over 700 years.
Basically, his method was to pour molten cast iron
sround a water-cooled core. The inner walls of the
bore solidified first and were compressed by the
contraction of the outer metal, which cooled down
more slowly. This resulted in & tube which had
much greater strength to resist explosion of the
charge. It was also during the Civil War that a
newly designed rifle (Parrott’s gun) startled the
world with its range and accuracy. Howsver, the
heyday of the cast iron weapon was shortlived.
' A With the developmem of the steel industiry,
w? perfection of breech and recoil mechanisms

T B EVGTE SE G Y
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Muzzle velocity

Mazxirrum range

Type breechblock

Type firing mechanism

Type recoil mechanism

Maximum recvil

Recoi]l gas pressure at 70°

Minimum elevation

Maximum elevation

Type traverse

Maximum right traverse

Maximuin left traverse

Tvpe equilibrators

Tire pressure

Woeight in firing position

Weight traveling

Maximum rate of fire

‘ Sustained rate of fire

i Prime mover

&> Technical manual

™.V ‘Tube life (equivalent full charge)
M2A1
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becamne possible. This allowed the use of smokeleos
powder and high explosives and marked the end of
the black powder muzzle-loader. Alinost as
important as these develcpments was the
invention of more efficient sighting and laying
mechanisms. In essence, artillery had assumed
the modern form. The next changes vvere the
results of startling developments in motor
transport, signal communication, chemical
warfare, tanks, aviation, mass production, and
finally, missiles.

Figure 1-7. 105-mm howitzer M101A].

1-5. Charactaristica of Modam Cannon Wasnon Sustoms
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Today, the artilleryman has available to him the latest types of cannon weapon systeins. The following
are weapons common to the United States armed forces and our allies.

N a. 105-mm Howitzer M101A1. The following data pertain to the 105-mm howitzer M101A1 (fig 1~7):

472 meters per second

11,000 meters

Horizontal sliding wedge

Continuous pull, M13
Hydrcpneumatic

39 to 42 inches (44 inches is allowable)
1,100 pounds per squsre inch

-89 mils

1,166 mils

Fintle

409 mils

400 mils

Open spring (puller)

40 pounds per square inch

4,980 pounds

4,980 pounds

10 rounds per minute for the first 3 minutes
3 rounds per minute thereafter

2-ton, 6x6 truck, or helicopter

TM 9-1015-203-12

5,000 rounds
7,600 rounds
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Figure 1-8. 105-mm light howitzer M102 in traveling position.
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[ Fgure 1-9.  105-mm light howitzer MI02 in firiag position. ‘
Oy 1
s b. 105-mm Howitzer M102. The following data pertain to the 105-mm howitzer M102 (figs 1-8 and 1-9): ]
p Muzzle velocity 494 meters per second .
;{i Maximum range 11,500 meters
C Type breechblock Vertical sliding wedge
A Type firing mechanism Spring-actuated inertia percuscion
L Type recoil mechanism Hydropneumatic .
. Minimum recoil 30 inches

F Maximum r2coil 50 inches
o Recoil gas pressure at 70° - 1,150 pounds per square inch
e Minimum elevation -89 mils )
g Maximum elevation 1,333 mils ;
L Ty pe traverse Ball socket }
{::;- Maximum right traverse 6,400 mils i
g Maximum left traverse 6,490 mils
- Type equilibrators Spring
r Tire pressure 40 pounds per square inch on super highways )
o 20 pounds per square inch on unimproved roads .
Weight in firing position 3,171 pounds 3
Lt Weight traveling 3,338 pounds k
2 Maximum rate of fire 10 rounds per minute for the first 3 minutes ;
[ ] Sustzained rate of fire 3 rounds per minute thereafter ]
E’-’ Prime mover Helicopter, parachute, or 5/4-ton truck an |
N Technical manual TM 9-1015-234-12 SRR
e, Tube life (equivalent fuli charge 5,000 rounds, but see table 6 of TM 9-1000-202-10 A
n : . for special inspection criteria ]
> 14 ]

.
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Figure 1-10. 155-mm howitzer M114A1/A2,

¢. 155-mm Howitzer M114Al. The following data pertain to the 155-mim howitzer M1141 (fig

1-10):

Muzzle velocity
Maximum range
Type brzechblock
Type firing mechanism
Type recoil mechanism -
Maxinium recoil at maximum elevation
Maximum recoil at minimum elevation
Recoil gas pressure at 70°
Minimum elevation
Maximum elevation
Type traverse
Maximum right traverse
Maximum left traverse
Type equilibrators
Tire pressure
Weight in firing position
Weight traveling
Maximum rate of fire
Sustained rate of fire
Prime mover
Technical manual
Tube life (equivalent full charge)
M1
M1A1l
MiA2

M Wi S YT Wl AT TV

564 meters per second

14,600 meters

Stepped thread, interrupted screw
Percussion, M1

Hydropneumatic

41 inches

60 inches

1,650 pounds per square inch

0 mils

1,156 mils

Pintle

448 mils

418 mils

Open spring (lifter

50 pounds per square inch

12,700 pounds

12,700 pounds

4 rounds per minute for the first 3 minutes
1 round per minute thereafter
5-ton, 6x6 iruck, or heavy-lift helicopter
T™ 9-1025-200-12

2,000 rounds
7,500 rounds

15
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Figure 1-11.  156-mm howitzer M109A2/ A3, SP.

e | d. 155-mm Howitzer, M105A42/ A3, SP. The following data pertain to the 155-mm howitzer M109A2/A3,
SP (fig 1~11):
Muzzle velocity 701 meters per second
Maximum ranges 14,600 meters (charge 7)
18,100 meters (charge 8)
a Tvpe breechblock Thread, interrupted screw o
: Type of firing mechaniem Continuous pull, M35 Bl
o Type of recoil mechanism Hydropneumatic
L Minimum recoil 24 inches
o Maximum recoil 36 inches
. Recoil gas pressure a{ 70° 700 pounds per square inch
T Minimum elevation -53 mils
' Riaximum elevation 1,333 mils -
Type traverse Base ring and race
Maximum right traverse 6,400 mils 5
Maximum left traverse 6,400 mils 1
Type equilibrator Hydropneumatic -3
Tire pressure Track vehicle 1
.- Weight in firing position 53,940 pounds for M10SA1
by | Weight in traveling position 55,000 pounds for the M109A2/A3 4
. Maximum rate of fire 4 rounds per minute for 3 minutes 1
Sustained rate of fire Charge 1-7 1 round per minute
Charge 8 1 round per minute for 60 minutes, then 1
round per 3 minutes thereafter
Prime mover Self-propelled
) Technical manual TM 9-2350-217-10N (A1/A3) TM 9-2550-303-10 (A2) b
'J Tube life (equivalent full charge) M185 tube, 5,000 rounds 9
EFC values Charge 8 =1.00 4
Charge 7 =0.75 1
Charge 1-6 = 0.25 ;
R
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Figure 1-12. 155-mm howitzer M198.

e. 1558-mm Howitzer M198, Towed. The following data perta... to 155-mm howitzer M198, towed (fig

1-12):

Muzzle velocity
Maximum ranges

Type of breechblock

Type of firing mechanism
Type of recoil mechanism
Minimum recoil
Maximum recoil
Minimum elevation
Maximum elevation

Type traverse

Maximum right traverse
Maximum left traverse
Type ecuilibrator

Tire pressure

Weight in firing p ‘sition
Weight in traveling position
Maximum rate of fire
Sustained rate of fire

Prime mover

Technical manual

Tube life (equivalent full charge)
. EFC values

826 meters per second
24,000 meters NONRAP
30,000 meters with RAP
Threaded, interrupted screw
Continuous pull, M35
Kydropneumatic

50 inches +2

70 inches +2

-75 mils

1,275 miils

400 mils or 6,400 with speed shift

400 mils

Pneumatic lifter

45 pounds ner square inch

15,800 pounds

15,800 pounds

4 rounds per minute for 3 minutes

2 rounds per minute for 30 minutes/1 round per
minute thereafter

5-ton truck

M199 tube, 1,750 rounds

M203 Charge 8s = 1.00
M119A1 Charge8 =0.33
M4 Charge 7 =0.10

Charge 6-3= 0.05
M3 Charge 5-3= 0.05

Note. Do not fire below Charge 3.

1-7

LU - S TR S - o i 2. A AT ‘haa o lal e e m e T

- .
B P

oo P
aldes can o b e e

L
PR

. Yo e

N W YO R I

oL :
v R T .
. N .

PR
1~L14‘.n e

I I3 ‘_v Ty
Lt AT "‘
PO .0 a N
cazte fa fatr i

3
-4
-

L ..
PR SR
ol

. P .

L A e e,

QTR -~ T G S ] J

.

b aa s

R PP,

(SO VU S S SO



CTETE TR T T A T e T AT M NE Ve W TR Y
RN N L e T Y

-

Figurc I-13. 8-inch howitzer M110A2, SP.

f. 8-inch Howitzer M110A2, SP. The following data pertain to &inch howitzer M110A2, SP

(fig 1-13):

Muzzle velocity

Maximum range

Type of breechblock

Type of firing mechanism

Type of recoil mechanism

Miniraum recoil

Maximum recoil

Recoil gas pressure at 70°

Minimum elevation

Maximum eleveation

Type traverse

Maximum right traverse

Maximum left traverse

Type equilibrator

Tire pressure

Muzzle break weight

Weight in firing position

Weight in traveling position

Maximum rate of fire

Sustained rate of fire

Prime mover

Technicai manual

Tube life (equivalent full charge)
EFC values

747 meters per second
Non-RAP 22,900 meters; RAP 30,000
Stepped threaded, interrupted screw
Continuous pull, M35
Hydropneumatic
25 inches
70 inches
2,130 pounds per square inch
35 mils
1,156 mils
Base ring and race
533 mils
533 mils
Pneumatic lifter
Track vehicle
550 pounds
62,500 pounds
62,500 pounds
1.5 rounds per minute for 3 minutes
1 round every 2 minutes thereafter
Seif-propelled
T™ 9-2300-216-10
M201 tube, 7,500 rounds
Charge 9 =1.00
Charge 7-8 = 0.70
Charge 1-6 = 0.25
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Figure 1-14. Laser, Gunnery Trainer M55. “_j
&. Laser, Gunnery Trainer M55. The following data pertain to the ADFT. This device can be used with ik
the M101A1-M102-M109A2-M198 Howitzers. At present there is no mount for the M110A2 Howitzer (fig e
i-14): - .
Power Kequirements:
AN Input voltage 24 +5 vdc
f.ﬁ Input current (nominal) 1.3 amperes
Input current (maxim:...n) 3 amperes
Operating Characteristics:
Modes of operation Continuous and fiash
Power output 0.5 to 2.0 milliwatts (nominal)
Beam diameter Approximately %-inch (16 millimeters) at 200 feet
. (61 meters)
Flash duration 1G0 +25 milliseconds
Repetition rate Retriggerablie 200 milliseconds after release of
trigger
N Temperature:;
Operating 0° F (-18° C) to +100° F (+56° C)
Nonoperating (storage) -65° F (-54° C) to +155° F (+77)
Altitude:
Operating Sea level to 10,000 feet (3,048 meters)
Nonoperating {transporting) Sea level to 50,000 feet (15,24) meters)
14
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h. 14.5 Field Artillery Trainer. The following data pertain to the trainer (fig 1-15):

Barrel

Breech

Firing mechanism

Elevating limits

Loading limits

Traverse

Mils per turn of handwheel
Elevating
Traversing

Ammunition (fixed round 14.5-mm cartridge)
M181—Charge 1 (1306A.565)
M182—Charge 1 (1305A366)
M183-—Chearge 1 (13056A3867)
Muzzle velocity (all cartridges)

Maximum range .

Sectior I,

1-8. Review

a. This chapter has covered briefly 2,500 years
of history on the development of artillery from the
early days of the Roman Empiie to the preaent
time. During theee past centuries both the gun and
the gunner have passed through a series of phases.
The early gunner was first considered a
practitioner of the art of witchcraft, in league with
the devil. Then artillery became an art. Today,
artillery is a2 military profession embracing all the
tceu(ihnical and scientific developments of modern

ture.

Rifled portion 13%-inches long, uniform right
hand twist, one turn in 8.5 calibers

Belt action with safety

Trigger located at left rear of breech

Minus 52 mils and plus 1,617 mils

Minus 52 mils and plus 1,070 mils

6,400 mils

52 mils
66 mils

3-second delay fuze
6-second delay fuze
Point detonating fuze
100 meters per second
730 meters

SUMMARY

b. The artillery weapon has progressed from the
early, crude implements used to hurl rocks, etc., to
the highly mobile, accurate, and long-range
cannons utilizing chemical, high explosive, and
nuclear projectilee 1nd warheads. Development of
weapons, ammunition, tactics, and techniques are
not attributable to any one race or nationality. A
detailed study of the history of artillery will show
that China, some Arabic nations, Turkey, Sweden,
Russia, Scotland, England, France, Germany,
Belgium, Spain, and the United States, as well as
many other nations, have all contributed their
part in developing artillery through the centuries.

1-10
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CHAPTER 2
FUNDAMENTALS OF CANNON WEAPON SYSTEMS

Section |.

2-1. References
TM 9-3305-1, chaptersa 1 through 6, 8, and 9.
2-2. Introduction

The mission of the field artillery is to destroy,
neutralize, or suppress the enemy Ly cannon,
rocket and missile fires and to integrate all
supporting fires into combined arms operation.
This miesion requres that the weapons be in
position ard ready to fire at the appointed time. To
fulfill this requirement, the field artillery weapons
must have certain characteristics, three of which
are considered basic. These three basic
characteristics are mobility, stability, and
flexibility.

a. Mobility. Mobility is the ability to move over
terrain at relatively high speeds. Mobility is
achieved in two ways—by the use of pneumatic
tires on towed weapons to reduce road shock at
high speeds and by the use of highly mobile,
full_tracked, s0lf vehicles on which the
weapons are mounted. In addition, all current field
artillery weapons are air transportable.

b. Stability. Stability is the ability of an
emplaced weapon to remain in place and
withetand the shock of fising. Stability is achieved
in the medium towed weapon of today by ues of
three points of suspension—two trails and a firing

anlf_swmanallad
PAVCLIGU

Section |l.

2- . Clasgificetion of Carriages

A wespon is class..i2d by the carriage as either
self-propelled or towed. The carriage supports the
weapon in the firing and traveling positions.

a. Self-propelled carriage. A self-propelled
carriae’, is one that contains its own means of
propulsion. Current models of self-propelied
weapons are air transportable.

*Supersedes HB-2 WCXXWS, Dec 81.

GENERAL

jack float. The towed 106-mm howitzer M102, a
lightweight weapon with alow silhouette, employs
a firing platform, which must be staked to the
ground to attain stability. Most of the stability of
self-propelled weapons is obtained by the weight
of the weapon, the weight of the carriage, and the
design of the track and suspension system;
however, the self-prepelled weapons are equipped
also with some type of recoil spades to improve
stability. In addition, a lockout featurein the track
suspension system of the self-propelled 8-inch
howitzer further enhances the stability cf this
heavy weapon.

c. Flexibility. Flexibility is the ability of a
weapon to deliv-r fire over a wide front and at all
angles of elevation without time-consuming
shifts. Flexibiiity is achieved by maximum
on-carriage elevation and traverse. Flexibility of
towed weapons is achieved through the use of
rear-mounted trunnions, split trails, and pintle
traverse or a pivot and socket ond a firing
platfonn; flexibility of self~-propelled weapons is
achieved through the use of ring and race traverse
and rear-mounted trunnion.

Note. Some of the characteristice and
capabilities of field artillery weapons are given in
appendix A.

ARTILLERY CARRIAGES, GENERAL

b. Towed carriages. A towed artillery weapon is
one that must be moved by so.me external source of
power, such &s a truck or a tractor. A lunette on the
end of the trail(s) and a coupling on the rear of the
prime mover provide a rapid and secure means of
coupling the carriage to the prime mover. Because
of their relatively light weight, towed weapons are
transportable by both rotary-wing and
fixed-wing aircraft.
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2-4, Componants of the Carriage

Thecarriage consists of some combination of the
following major components (figs 2-1 through
2-15): bottom carriage, equalizer, top carriage,
cradle, sleigh, equilibrator, elevating mechanism,
traversing mechanism, axle, trails, and wheels.
Some towed artillery weapens are equipped with
shiclds to protect the crew from enemy small-arms
fire. On some self-propelled weapons, a similar
protection is provided by an enclosed turret.

a. Bottom carriage. The bottom, or lower,
carriage (figs 2-1 and 2-2) is that part of the
weapon that supports the top carriage. Portions of
the mechanism for rotating the top carriage in
traverse are attached to the bottom carriage. The
pintle--a vertical pin about which the top carriage
rotates—secures the top carriage to the bottom
carriage. The trail end jor ends) may be attached to
the bottom carriages, and, on some weapons, a
firing jack or spade (fig 2-3) may also be attached.
The bottom carriage may be fixed to the ax’e, or it
may replace the axle and carry the wheels. The
consiraction of the towed howitzer M102 differs
considerably from that of earlier models in that it
has no bottom carriage. When the weaponisin the
firing position, the entire weapon and carriagerest
on a platform and pivot in traverse about a pivot
and socket joint located in the center of the firing
platform (fig 2-4).

st

D A
.~ . .

woo® M YTTR T W T A TT
DR A A

AXLE

FIRING JACK
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PN R ST SRR ) -

Figure 2-3. Firing jack.

b. Axle. The axle is that part of the carriage that
supports the weight of the weapon. Spindles on the
ends of the axle provide a means for mounting the
wheels. The eize and shape of the bottom carriage
may eliminate the need for a standard axle, in
which case, spindles for mounting the wheels are
moeunted on either side of the carriage (fig 2-3).

¢. Equalizer. Certain towed weapons are
equipped with an equalizer (fig 2-5), a mechanical
device that permits the four points of contact with
the ground {the two wheels and two trail ends) to be
in different planes. The equalizer compensates for
irregularity of the terrain so that the weight of the
weapon and the shock of firing are transmitted to
the ground through all four points. The most
common type of equalizer is a horizontal support
secured to the axle by a honzontal pivot pin. The
support, located behind the axle, can rotate
through a small vertical angle about the

horizontal pivot pin that secures thesupporttothe “e

midpoint of the axle. The trails are attached to the
ends of the support. The horizontal pivot pin and
the two trail spades provide the three-point
suspension for stability of the weapon in firing. A
pin (called a pintle) passes vertically through the
center of the support and provides a pivot point
about which the top carriage traverses. When the
weapon is placed in the traveling position, the axle
and support are locked together. Equalizers are
generally used with light artillery carriages.

d. Firing jack. The firing jack supports the
forward weight of the carriage during firing: the
firing jack and the two trail spades provide
three-point suspension. A firing jack is used with
the towed medium artillery carriage.
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ALL WHEELS SHOULD BE ON THE THE TOP OF THE SPADE MOLD BOARD SHOULD
;;’?:::: AND THE LOCKOUT SYSTEM BE NO HIGHER THAN THE WHEEL HUBS AND NO Lm' 0
8¢ ENGAGED LOWER THAN THE BOTTOM OF THE ROAD WHEELS T

Figure 2-2. Self-propelled bottom carriage.
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LEVELER

D
FIRING STAKE

€. Trails. The split trails on the 105~mm and
155-mm towed carriages serve two principal
purposes—they transmit most of the shock of
firing through the trail spades to the ground, and
they provide a means for coupling the weapon to
its prime mover. Brackets mounted on the trails
are attached to the bottom (or lower) carriage and
are divided into two sections. For firing, they are
spread to form an angle of approximately 800 mils,
or 45°. The lightweight 105-mm howitzer M102
uses a modified box trail made in a single section.
Most of the shock of firing is transmitted through
the firing platform to the ground. The M102 does
aot have spades—displacement is prevented by
eight metsal stakes driven through holes located at
each point of the octagon-shaped firing platform

(fig 2-4).

.~ . Spades. The spades, positioned at the rear end
of the trail- on towed weapons (except the M102,

E
FIRING PLATEFORM

Figure 2-4. The M102 howitzer leveler, pivot, buffer assembly, firing platform, and firing stakes.

see e above) and at the rear of self-propelied
carriages, are forced or dug into the ground to
minimize displacement of the weapon during
recoil. The spades on the 105-mm towed howitzer
M101A1 are fixed to the trails (fig 2-6). The spades

GI8 BEARING ¢ —_ = .
e ’

.’\ ‘

PINTLE

TRAMFLING LOCK
PIVOT PIN

RA PD 222869

Figure 2-5. Equalizer.
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(fig 2-9) is employed on the split trail 105-mm and
155-mm towed howitzers. This type of traverse
was used on most of the towed weapons of the past
30 years.

(2) Ring and race. Ring and race traverse is
employed on self-propelled weapons. A race,
containing balls or roller bearings, is mounted
between two rings, one of which is attached to the
carriage and the other, to the tarret. This
arrangement minimizes friction and reduces the
effort required to traverse the weapon.
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Figure 2+6. Fixed spade.
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Figure 2-8. Top carriage.
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Figure 2-7. Detuchable spade.

on the 155-mm towed howitzer are detachable and
are removed for traveling and carried in brackets
on the aide of th » trails (fig 2-7).

8 Top carriage. The top carriage (fig 2-8) Figure 2-9. Pintle traverse.
supports the cradle in its trunnion bearings and
. includes the elevating mechanism. It moves with
) gxle cradle in traverse ;:;xt t?ot in elevation. When 3 %{
- e weapon is traversed, the top carriage rotates ' -

horizontally on the bottom carrigge. (Asnotedina TeavisinG ."‘
above, the 105-mm howitzer M102 has no bottom
carriage.)
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h. Types of traverse. The types of traverse are
classified according to the manner in vhich the
caunon pivots in a horizontul plane about the
. stationary parts of the weapcn. The types of
E traverse employed by artillery weapons ere

described in (1) through (3) below.

(1) Pintle. The pintle is a vertical pin about

which the top carriage revolves. Pintle traverse Figure 2-10. Traversing mechanism.
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(3) Pivot and socket. The carringe of :he
106-mm howitzer M102 is supported on a firing
platform by a pivot and socket and four stabilizing
devicea, which ridac on the firing platform
stiffening ring, permitting a full 6,400-mil
traverse (fig 2-4). A roller tire, which is operstited by
a handwheol on the left side of the trail, is 10cated
at the rear of the trail and facilitates fine
traversing of the weapon. For large changes in
direction, the weapon can be traversed about the
pivot and socket joint located in the center of ti.e
aluminum platform. If necessary, one man can hii
the lunette to traverse the weapon to the desired
azimuth.

i. Traversing mechanism. The traversing
mechanism is a mechanical device used for
making lateral changes in the direction of the tube
and for !.olding the tube in that position. A typical
traversing mechanism (the arc and pinion type)is
shown in figure 2-10. The M102 is traversed as
described in A(3) above. Traversing mecharisms
may be either manually or power operated, or they
may incorporate both capabilities.

J. Cradle. The cradle (fig 2-11) is that part of the
carriage that supports the tube and sleigh. If the
weapon is not equipped with a sleigh, the cradle
houses the tube and the recoil mechanism. In
general, the cradle is & U-shaped trough with
slides or rails along which certain weapon
components recoil and counterrecoil. If a sleigh is
used, the cradle provides a means of securing the
recoil piston rod or rods. If a sleigh is not used, the
cradle provides mountings for the recoil cylinders.

mrimemarnemn ad

The trunnions [t the cradle furfii:s",i Gii GRis aoout
which the tipping parts rotate in elevation. The
trunnions rest in trunnion bearings on the
carriage. The elevating mechanism 18 coupled to
the cradle by means of the elevating arc, which
normally is fastened to the bottom or side of the
cradle. The cradle supports the recoiling parts and

moves in elevation with them.

k. Sleigh. The sleigh (fig 2-11) is that part of the
carriage that provides the immediate support for
the tube. In some weapons, the sleigh houses the
recoil mechanism and rsceils with the tube on the
cradle. Iri some cases, the recoil cylinders are bored
directly into the sleigh; in others, the cylinders are
separate tubes that are rigidly attached to the
sleigh. The tube is firmly secured to the sleigh,
which slides on the cradle in recoil and
counterrecoil.

l. Elevating mechanism. The elevating
mechanism (fig 2-12) consists of devices for
elevating or depressing the tube and holding it at
the dosired angle while it is being fired. The final
action generally 18 applied through an elevating
arc attached to the cradle and an elevatling pinion
attached to the top carriage. When an arc and
pinion are used, a worm and worm wheel usually
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are placed in the gear train to make the system
irreveraible go that the tube is held at the elevation
set. Elevating mechanisams may be aither
manually or power operated. or they may .
incorporate both capabilities, .
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10 CRAIRE
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Figure 2-11.  Sleigh and cradle.
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Figure 2-12. Elevating mechanism.

m. Equilibrator. On artillery weapons, the
horizontal axis (trunnions) about which the tube
revolves is located well to the rear of the center of
gravity of the tube to permit high angles of
elevation. Thus, the tube is unbalanced, with the
preponderance of weight toward the muzzle. An
equilibrator is a mechanical device that overcomes
the unbalanced weight and keeps the tube in
balance at all angles of elevation so that it can be
easily elevated or depressed. All types of
equilibrators are designed to reduce the manual
effort required to elevate the tube. 7he equilibrator
i8 in proper adjustment when the tube can be
elevated and depressed with equal ease. The
general types of equilibrators are spring,
pneumatic, and hydvopneumatic.

(1) Spring equilibrator. The spring :
equilibrator (fig 2-13) consists of & spring(s), stops, 1
and guide rods. The spring(s)is held in place under
tension by the stops, which are connected to guide
rods. When the tube is in its horizontal position,
the spring is compressed by the weight of the

barrel. The resultant force of the spring against

the cradle balances the tube. As the tube is -]

elevated, less force is required to hold itin balance. ~ ]
Ty
n
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The spring stop moves with tha cradle, allowing
the spring to expand and thrroby reducing the
force of the spring. The force f the apring is
alwaye great enough to hoid the tube in balance.
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Figure £ 13. Spring equilibrators.

Pneumatic equilihrator with

adjustment scale.
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Figure 2-15.

“.M‘Lfl"h'\ ERAR WA WL WY

A’

R R PO PP . NI

Ty rT Y TR W

(2) Pneumnat.c equilibrator. The pneumatic
squilibrator (Rg 2-14) consists sssentially of two
gas-filled telescoping cylinders with suitable
packing glands and pistens to confine the
compreased gas. As the tube is depressed, the
cylindsrs move apart, bringing the pistons close
togeiher and thereby increasing the gas pressure
and producing a greater litting force on the tube.
As the tube is elevated, the cylinders are
telescoped, decreasing the g+ : pressure to produce
a smaller lifting force on the tube.

(3) Hydropneumnatic equilibrator. The
hydropneumatic equilibrator (fig 2-15) consists of
a cylinder with a movable piston and rod and a
pressure tank connected to the cylinder by a short
pipe. These parts are permanently fastened to the
top carriage. The piston rod is fastened to the
cradle. Liquid from the cylinder passes through
the pipe conneciion to the tank. As the tube is
depr1ssad, the piston moves to therear, forcing the
liguid into the tank against the gas pressure. The
increasing pressure on the pistcn keeps the tube in
balance. As the tube is elevated, the gas pressure
forces the liquid back into the cylinder, moving the
piston forward. This pressure aids °n elevating the
tube and holdng it in position.

Note. Pneumatic and hydropneumatic
equilibrators must be adjusted by the cannon crew
io compensate for changes in ambient
temperature; spring-type equilibrators normally
require adjustment only if components are
replaced or, rarely, to compensgate for spring

fatigue.

HOWITIER TUBE

Hydropneumatic equs!*brator.
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Section 1),

2-8. Definition of Racoil

Recoil is the rearward movement of the tube and
connecting parts afier the weapon has been fired.
It is causod by the reaction of the tube to the
forward motion of the projectile as the projectile in
driven through the tube by the expanaing
propellant gases of the powder charge. Recoil
follows Newt:n’s law of motion, which states, in
effect, that for every action there is an equal und
opposite reaction.

2-8. History of the Development of
Recoil Mechanisms

a. The earliest cannons, prior to the year 1350,
were positioned on mounds of dirt or blocks of
wood. When a cannon was fired, quite a
disturbance was created around the weapon
position. When the smoke cleared, the cannoneers
began a search to the rear for their weapon. When
they found the we: n, they attached tew ropes
and draggsd it br  to its in-baitery position;
hence, the term "in-battery,” meuning the normal
firing position.

5. In 1350 the Venetians put their cannons on
'whee.ad mounts. This did not help to check recoll;
however, it did make it easier fox the caninoneaers to
move the weapon back to battery, and it improvad
the mobility of the weapon.

c. The French introduced the first efficient recoil

mechanism in 1897, in the famous "French 75.”
The weapon used the hydropneumatic liquid and
gas principle of checking recoil and returning the
tube to battery. Recoil was checked primarily by
the throttling of oil, and the tube was returned to
battery by the energy of the compressed gas.

d. Development of artillery cannons has always
been directed toward improving accuracy and
increasing the rate of fire. With the primitive
carriages used until approximately 110 years ago,
firing a shot caused the entire gun and mount to
jump violently. It was .nen necessary for the
guncrew to return the weapon to its original aim
before firing the next shot. With the use of the
hydropneumatic recoil mechanism, the gun tube
glides along the mount and then returns to its
in-battery position without excessive shock or
movement. The gun remains pointed inits original
direction and can be reloaded and fired much more
rapidly.

2-7. Purpose of a Recoil Mechanism

The primary purpose of a recoil mechanism is {o
eliminate weight and =t the sume time retain
stabilitv. It also minimizes the requirement for
ruggedness. A recoil mechanism is designed to
absorb the energy of recoil gradually, thus
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RECOIL MECHANISMS

avoiding violent shock to, or movement of, the
carniage, and to return the recoiling parts to the
in-battery position with A minimum of shock. it
must also held the recoiling parts in battery unti}
the weapon is fired sgain. The four functions of the
recoil mechanism are to—

a. Stop the recoiling prris.

b. Return the recoil:ng parts to the firing
position; that ir, to the in battery position.

¢. Perform the actions in a a1 A above without
excessive ghock to the carriage.

d. Hold the tube ad recoiling paris i the firing
position throughout all angles of elevation.

2-8. Major Systems of a Recoil Mechanism

A recoil mechanism is composed of three major
systems-—a reccil system, which provides the
stopping action by limiting the length of recoil and
stopping the recoiling parts; a couterrecoil
system, which returns the racoiling parts to the
in-battery position and holds them ir that
position until the weapon is fired again; and a
counterrecoil buffering system, which diminishas
the shock of the recoiling partu as they return to
the in-battery position.

2-9. Typas of Recoil Mechanism

a. The basic type of recoil mech. nism used on
current field artillery weapons is the
hydropneumaiic mechanism (g 2-16). ‘Hydro”
indicates that the mechanisir. cmploys a liquid;
the liguid used i8 re-oil oil. Recoil oil 18 a
petroleum-base hydraulic fluid. "I aeumun. "
indicaten that a gas is used. The gas used in these
rocoil mechaniams is nitrogen gas. When the
weapon is fired, the recoil movement »f the weapon
is controlled by the flow of ihe recoii oil through
certain throttling devices of the recoi: system, the
compression of the nitrogen gas in the recuperator
cylinder, and the friction of the movirig parts of the
weapon. After the force of recoil has been absorbed
by these thre: actions (throtiling of the oil,
compression of the nitrogen gas, and friction of t1e
moving parts), recoil action ceases. The energy of
the compressed nitrogen gas then causes the
counterrecoil system of the weapon to move the
tube back to the in-battery position.

b. Recoil mechanismas of today are identified as
being of the constant, variable, and dependent, or
variable and independent type.

(1) Constant. A constant recoil mechanism
has no mechanical means of chianging the length
of recoil. The tube recoils approxiniately the same
distance at all elevations when fired under similar
circumstances; that is, same powder charge, same
atmospheric temperature and so forth.
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Figure 2-16. Dependent hydropneumatic
recoil mechanism.

(2) Variable. A variable recoil mechanism has
a mechanical means of changing the length of
recoil. This change is accomplished automatically
by the variable cam assembly (fig 2-17) as the tube
is elevated or depressed. This type of action allows
the tube to recoil over a longer length atlow angles
of eleyation but reduces the length at higher
elevations without creating unnecessary
displacement of the carriage. Thus, we have a
much more reliable and stabie firing platform
from which to fire at all angles of elevation.

(3) Dependent. A recoil mechanism is
dependent if there is a liquid connection between

the recoil and counterrecoil systems (fig 2-16). The
oil flows from one cylinder to the other through the
connection. Thus, the oil is common to both

systems (recoil and counterrecvil), and each ' --

systemn is dependent on the other for its operation.
This type of recoil mechanism is used on the light
field artillery weapons.

(4) Independent. A recoil mechanism is
independent if there is no liquid connection
between the recoil anu counterr.coil systems (fig
2-18). The oil in one cylinder dees not affect the
operation of the oil in the other cylinder because
each system is independent of the other for its
function. This type of recoil mechanism is used on
medium and heavy field artillery weapons.

2-10. Functioning of a Hydropneumatic
Dependent Recoil Mechanism

a. Action in reccil. When the howitzer is fired,
the force of the expanding gas propels the
projectile out of the bore. This same force also
reacts against the breechblock and forces the
recoiling parts rearward, except for the recoil
piston in the recoil cylinder. The piston is held
from recoiling by the piston rod, which is secured
to the front of the cradle by the piston rod nut (fig
2-19). As the sleigh moves back in recoil, the recoil
oil in the recoil cylinder is forced through the oil
orifices into the regulator body of the recuperator
cylinder. The regulator b~dy conteins a one-way

Figure 2-17. Variable recoil cun. —assembled and 1. hantom views.
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q N e
COUNTERRECOIL CYLINDER }STON RODS
CONNECTED TO
RECOIL PISTON THE BREEC: LUGS

REPLENISHER

Figure 2-18. Independent hydropneumatic

recoil mechanism.

valve and a throttling opening through which the
oil passes and where it acts upon the floating
piston diaphragm in the recuperator cylinder,
forcing it to the rear and further compressing the
nitrogen behind the floating piston. As the
flouting piston moves to the rear, a control rod,
which is fastened to the diaphragm, is drawn
through the throttling orifice. The area through
which oil can flow ig theu gracdually reduced to a
point at which the remaining energy of recoil is
uneable to force the oil to the rear. At that time,
since the resistance is equal to the force, further
motion is impossible and the recoiling parts are
brought torest. Thus, we can say that the energy of
the recoiling parts is dissipated by—

33
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(1) The throitling of the recoil oil. S
(2) The compression of the nitrogen gas.
(3) The friction of the moving parts. ‘
b. Action is counterrecoil. When the recoiling e 4
parts are brought to rest at the end of recoil, the

unbalanced force of the greatly compressed
nitrogen gas forces the floating pis.on and
diaphragm forward, pushing the recoil oil back
through the regulator into the recoil cylinder
against the back of the recoil pistor,, and thereby
returning the recoiling parts to battery.

Note. The recoiling parts arereturned to battery
without shock by the counterrecoil buffer.

2-11. Functioning of a Hydropneumatic
independent Recoil Mechanism— e
Recoil Cycle ;—"“"

a. Recoil cylinder. When the weapon is fired, the 4

tube recoils in or on the cradle. Since the hollow
piston rod (piston and liner agsembly) is connected
to a lug onthe bottom of the breech ring, itis drawn
to the rear with the tube. As the 12ecoil piston is
drawn to the rear, oil is forced through two portsin
the recoil piston and through the throttling
grooves to the forward side of the piston (fig 2-20).
As the oil passes through the iapered throttling
grooves, the flow of oil from the rearward eide to
the forward side of the piston is gradually reduced
and finally stopped. This throttling action absorbs
most of the recoil energy.

29
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1—Recuperator charging valve
2—Recuperator cylinder
3—Recuperator floating piston
4-—Recuperator ylinder reguiator valve
5—0Qil index
6—-Recuperator cylinder filling valve
7—Counterrecoil rod stuffing box head
B8—Counterrecoll and recuperalor cylinder
head stuffing box
9—Counterrecoil cylinder
10—Counterrecoil piston rod
1 1—Counterrecoil piston assembly
12—Counterrecoil cylinder respirator assembly

b. Counterrecoil and recuperator cylinders.
When the weapon is fired, the counterrecoil piston,
being connected to the top of the breech ring,
moves rearward with the tube. The oil in the
counterrecoil cylinder is forced through an oil
passage and into the recuperator regulator valve
assembly by the counterrecoil piston. The flow of
oil under pressure opens a spring-lnaded valve in
the regulator assembly, permitting a free flow of
oil against the floating piston. The floating piston
moves forward, compressing the nitrogen gas.
Thus, the throttling of oil in the recoil cylinder, the
increased compression of the nitrogen gas in the
recuperator cylinder, and the friction of moving
parts stop the tube in recoil.

17—Buffer chamber in bore of rezoil pision rod andliner e
assembly
18-—Reccil throttiing rod
19—Recoil cylinder
20—Variable recoil cam shaft
21—Recoil piston and liner assembly
22—Variable recoil cam i
23--Gear sectors
24—Throttling rod packing head
Figure 2-20. Hydropneumatic independent reccil mechenism during recoil action.
a. Counterrecoil and recuperator cylinders.
After the tube has stopped at the end of the recoil
cycle, the counterrecoil system takes over to return
the tube back to the in-battery position as
fodows—

(1) The tlow of recoil oil stops, and the S
spring-loaded valve in the regulator valve B
assembly closes itself. In the head of the 1
recuperator regulator valve are two smali .

2:-12. Functioning of a Hydropnaumatic
Independent Recoil Mechanism—
Countrrecoil Cycle
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13—Replenisher oil filling valve plug
14—O0il reserve in replenisher
15—Recoil throttling rod

16—Recoil rod stuffing box head

counterrecoil controlling ports (fig 2-21), each of
which is about 1/16-inch in diameter. These ports i
control the flow of recoil oil back through the -y
regulator valve assembly and into the '
counterrecoil cylinder.

1
{(2) Since the floating piston is free to move, - = -4
the energy stored in the nitrogen gas reacts to 1
displace the floating piston to its normal
in-battery position. As the floating piston moves

2-10 : }
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Figure 2-21.

toward its in-battery position, it displaces the oil
from the recuperator cylinder through two small
controlling ports in the regulator valve into the
counterrecoil cylinder. The oil exerts pressure on
the rear of the counterecoil piston, moving the
counterrecoil piston forward and thereby pulling
the tube to the in-battery position.

b. Recoil cylinder. As the counterrecoil piston
rod pulls the tube into battery, the recoil oil in front
of the recoil piston flows through two ports in the
piston and the exposed throttling grooves in the
recoil throttling rod. Little throttling action cccurs
at this time in the recoil cylinder as compared to
that in the recuperator cylinder; howes er, &8 the
tube nears the in-battery position, it is slowed
down and eased into battery by the spearhean-
type buffer. The oil trapped in the buffer chamber
must escape through the centrally bored rotatable
throttling rod. Thus, the final movement of the
tube is cushioned as the tube returns to battery.

2-13. Types of Hydropnaumatic Independent
Variable Recoil Mechanismse and
Their Components

All current medium and heavy field artillery
canncns use the hydropneumatic independent
recoil mechanism. In addition, all hydropneu-
matic independent recoil mechanisms are of the
variable type, in which a variable cam assembly
automatically changes the throttling grooves, or
orifices, which control the flow of oil. thus
lengthening or shortening the length of recoil,
depending on the angle of elevation at which the
weapon is fired. When the weapon is fired at low

-
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Hydropneumatic independent recoil mechanism during counterreccil action.

angles of elevation, all the throttling grooves, or
orifices, are open so that the barrel and breech
assembly is allowed to recoil over a long distance,
providiug less shock .to the carriage. As the
weapon is elevated to higher angles of elevation,
the length of recoil is shortened so that the barre!
and b‘reech assembly will not strike the ground
and the force of recoill can be ahsorbed more
directiy by the carriage and the ground. A typical
variable cam assembly is shown in figure 2-17 and
explained in para a below.

a. Functioning of a variable cam ussembly. An
arc gear sector is :nowited on the forward end of
*he throttling rod. This gear sector is meshed with
7 similar gear sector mounted on the end of the
variable recoil cam assembly. The tubular cam is
machined with a spiral, or S-shaped, slot. A cam
pin, mounted on the camshaft, rides in the spiral
slot. The shaft is connected to the top carriage by
the variable recoil connecting rod. As the tube is
elevated or depressed, the connecting rod moves
the shaft either forward or rearward, causing the
cam pin on the shaft to turn the cam and its gear
sector, which in turn rotates th gear sector on the
rotatable throttling rod. The turning of the
throttling rod regulates the opening of the oil
passages in the throttling rod located in the recoil
cylinder, thereby changing the length of recoil
automatically as the tubeis elevated or depressed.

b. Recoil and counterrecoil actions. All
hydropneumatic independent variable recoil
mechanisms function basically as described in
this handbook. However, there ere some minor
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differences, which will become apparent as you
work with each individual weapon. For example,
the recoil mechanism of the 155-mm M109
(M109A1) has no counterrecoil cylinder, as such,
but has two variable rececil cylinders, a
replenisker, and a recuperator cylinder to perform
the same functions of the recoil mechanisni. In
addition, the M109 (M109A1) has a muzzle brake
on the end of the tube to help absorb some of the
force of recoil and shorten the length ofrecoil when
the weapon is fired.

¢. Replenisher. Only the hydropneumatic
independent variable recoil mechanisms use a
replenisher; the dependent recoil mechanisms do
not. The replenisher is a small cylinder containing
a spring-loaded piston. The replenisher is
connected to the recoil cylinder (or cylinders on
certain weapons); it is not connected to the
recuperator or to the counterrecoil cylinder. The
purpose of the replenisher is to maintain the
proper amount of recoil oil in the recoil cylinder
under pressure at all times. The replenisher
compensates for the contraction and expansion of
oil due to temperature changes and for changes in
the volume of oil required in the recoil cylinder
during recoil and counterrecoil. The replenisher
also provides a means of checking the quantity of
oil in the recoil system. On newer models of the
M109/M109A1 howitzers, the replenisher has an
accumulator and a pressure gage. The
accumulator contains an acorn-shaped bladder,
which is charged with nitrogen gas (by support
n}]aintenance personnel) to keep pressure on the
0Nil.

d. Counterrecoil buffer system. The
counterrecoil buffer system controls the last few
inches of the final movement of the reco*“ng parts
as they return to the in-battery posi.«n. thus
preventing shock to the carriage as .ae tube
returns to battery. A typical arrangement is &
cone-shaped buffer chamber working in
conjunction with a tapered rod (fig 2-21). As the
counterrecoil action nears its completion, the
tapered rod enters the buffer chamber and
displaces the oil. As the rod moves farther into the
chamber, the clearance between the two becomes
less and less as the oil i8 metered, or buffed. This
action causes the cnruncerrecoiling parts to return
to rest without slamming and without shock to the
carriage.

2-14. Maintenance of a Recoil Mechanism

Maintenance of & recoil mechanism is limited
generally to external cleaning, lubricating,
replenishing *he reserve oil, and exercising the
recoil mechanism on nonfiring weapons.
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a. Maintenance prior to firing.
(1) To maintain the slides—-

(a) Clean and lubricate the external bearing
surfaces.

(b} If the weapon has not been fired
recently, retract the tube and clean and lubricate
the slides. (Check the lubrication order for the
M102 weapon 18 an exception to th’ s.atement.)

(c) Insure that any burrs or nicks are
depressed by support personnel.

Note. Some of the later model w~apons have
plastic strips on the slides or gunw 8 that do not
need to be lubricated; therefore, alt ;s check the
latest lubrication order for the specific weapon and
comply with the current instructions.

(2) To service the oil in the recoil
mechanism—

(a) Add recoi! oil, as necessary.
(b) Drain excess oil, as necessary.

(3) Check the recoil mechanism to insure that
it is properly connected to the tube, sleigh, or
cradle.

(4) Exercise the recoil mechanism every 6
months if the weapoen is not fired.

b. Recoil oil. S.-0il vil is a petroleum-bsase
hydraulic fluid. Tt e #re presently three types of
recoil oil (OHT, OHA, and OHC) authorized for use
in field artillery weapons. CHT is ihe preferred oil
because it provides greater protection against
corrosion. The oils can be mired; however, nixing
should be avoided if possible because mixivg may
tend to dilute the protection additives of one or
more of the oils. A recoil mechanism that c. 'ntains
a mixture of oils should be drained and refilled
with the preferred OHT as soon as it Lecomes
available. All three oils are red in color and have a
tempex}‘;ature range of operation from -65° F to
+150° F.

¢. Care of recoil oil. 'To properly care for recoil
oil—
(1) Be certain that the oil is free of v-ater.
(2) Be sure that the il is clean.

(3) Purge all lines and connections when
filling cylinders.

(4) Store the oil in clearly marked containers
apart from lubricating oils.

(5) Destroy the container when it is empty.
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Section IV. BARREL AND BREECH ASSEMBLY

2-15. General

One of the major assemblies of an artillery
cannon is the barrel and breech assembly.
Artillerymen must understand the functioning
and required maintenance of the barrel and breech
in order to keep their weapons firirg.

2-18. History

a. In the preguapowder period, man tried to
increase the range of his weapons by using various
types of catapults and ballistae. These devices
were nothing more than great slings used to hurl
stones and other large, heavy objects considerable
distances.

b. The development of cannon preceded that of
small arms by about 50 years. The first firearms
were large, heavy, and inefficient and were not
capable of being carrie« by en individual soldier.
The tube of a gun was made of wooden staves
bound together with hoops of ivon; 1:ence, the name
"barrel.”

¢. Later, thesmoothbore weapons (in which iron
and bronze were useu for cast tubes) were
improved and some of the first attempts were made
to obtain mobility.

d. A period of transition followed (from about
1845 to 1885), during which breech loading and
rifling were tried and accepted.

4211 vrmen dla
e. The development of cannon artillery over the

ages and down to the modern period has resulted
ip the field artillery tube asg it is today.

(1) Construction. Today's tube is made from
an alloy steel ingot, which is poured and then
hot-forged into a cylindrical shape by means of a
high-pressure press. A hole is bored through the
center, the outer surface is rough-turned, and the
barrel is machined. The inside of the barrel is
machined with a bore guidance system, which
insures the straightness of the tube within 0.005
inch throughout its entire length.

. _—
% 7 7 ©I
A ©
7 /
/ 7 AR
A Diameter of the bore before prestressing.
B Diameter of the bore after prestressing.
C Stress action on the finished bore.
D Tungsten carbide slug.

Figure 2-22. Cross section of the tube during
manaufacture.
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(2) Stressing. During the sequence of
machining steps, the tube is permanently
prestressed by a process known &s autoirettage.
There are two types of autofrettage being used
today: light and medium cannon tubes are swaged
open by swage autofrettage ((a) below and fig
2-22), heavy cannon tubes are hydraulicelly
prestressed ((b) below),

(a) Swage autofrettage. In the swage
autofrettage process (light and medium cannon
tubes), an oversize tungsten carbide slug ( D fig
2-22) is pushed through the bore and physically
deforms the material by a predetermined amcunt.
When the slug is removed, the bore is in a state of
residual compressive stress, a desirable condition
for resisting the pressure generated during firing.
This process of prestressing increases the strength
of the tube without markedly reducing the overall
toughness of the steel and. thus incresses the
fatigue life of the tube.

(b) Prestress autofrettage. In the prestress
autofrettage process (heavy cannon tubes), the
ends of the tube are hydraulically sealed and the
canncn tube is lowered into a large cylinder, where
controlled hydraulic pressure is added to the
interior of the tube until such time as the molecules
of steel immediately surrounding the bore are set.
Like the process described in (a) above, this
process of prestressing increases the strength of
the tube withoui markediy reducing the overall
toughness of the steel and thus ircreases the
fatigue life of the tube.

2-17. Types of Barrel and Breech Assemblies

The barrel and breech assembly of an artillery
cannon (fig 2-23) is composed of a tube, a breech
ring, a breech nechanism, and, in some cases,
hoops, jackets, or liners. Basically, there are two
types of barrel and breech assemblies used on
current artillery cannons—the assembly in which
semifixed ammunition (ammunitior with a
cartridge case) is fired and the assembly in which
separate-loading ammunition (ammunition
without a cartridge case) is fired.

a. The barrz]l assembly of a cennon that fires
semifixed ammunition is composed of six interior
components ((1) through (6) below). In this
assembly, the cartridge case provides rearward
obturatinn (prevents the propelling gases from
escaping to the rear).

(1) The breech recess is the space in the
interior of the breech ring at the ~ear of the barrel
assembly. It reccives the breechblock, which
affords a means of mechanically opening and
closing the rear of the barrel to permit loading the
weapon.
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(2) The powcer chamber is that portion of the
tube that houses ‘he propelling charge.

(3) The centering slope is the tapered forward
porticn of the powder chamber. It causes the
projectile to center itself in the main bore.

(4) The forcing cone is the rear portion of the
main bore formed by tapered lands (raised
portions of the rifling). It ailows the rotating band
o_t;‘l&e projectile to be engaged gradually by the
rifling.

(8) The main bore is the rifled portion of the
interior of the tube.

(6) The counterbore is that portion of the
muzzle end of the tube from which the lands have
been removed. The purpose cof the counterboreis to
relieve stress when the weapon is fired and thus
prevent the tube from cracking.

b. The barrel assembly of a cannon that fires
geparate-loading ammunition has the six
components listed in a(1) through (6) above and, in
addition, has a gas-check seat, for a total of seven
componants. The gas-check seat is the tapered
portion of the tube at the rear end of the powder
chamber. The gas-check seat. in conjunction with

GAS CHECK SEAT (WEAPON USHING SEPARATE-LOADING AMMUMTION)
PORDER CHAMBER

BREECH ORCHG COME

WAIN BORE (RIFLING)
RECESS 4 B

)

\CENTEMNG SLOPE COUNTERBORE

Fioure 9.92 Intorinr camnnananto nf
T SRS, aAdeel RS LU e Uil O

breech assembly.

v s

Figure 2-24. Slidi-q wedge breechblock.

the obturator assembly of the breechblpck,
provides the rearward seal (rearward obturation).

Note. Obturation is the sealing process that
prevents the escape of propelling gases from the
tube during firing. Forward obturation in all cases
is obtained by the rotating band con the projectile
conforing to the lands and grooves of the tube,
thus preventing gases from escaping around the
projectile. Rearward obturation is described in
paragraph 19,

2-98. Breechblock

a. The breechblock is that component of the
Lreach mechanism that permits loading the
weapon from the rear. The breechblock requires
the same maintenance as that required for the tube
(para 23). The type of breechblocks used are the
sliding-wedge breechblock and the interrupted-
screw breechblock.

(1) Sliding-wedge breechblock. The
sliding-wedge breechblock (fig 2-24) is used on
weapons thai fire semifixed ammunition. The
breechblock slides in*o a rectangular recess in the
breechring to open and close the breech. This
breechblock do<s not form a gastight seal
(1carward obturation) when it is closed; however, it
does keep the cartridge case blocked in the powder
chamber so that rearward obturaticn is obtained
by the expansion of the cartridge case against the
;iva;lis of the powder chamber when the weapon is

red.
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Figure 2-25. Stepped-thread, interrupted-screw breechblock.

KEYWAY
OBIURATOR SPINOLL

C AS-CHECK
PAD DISK

INNER RINC
GaS CHECK PAD
FRONT SPLIY RING

s ATOR SPINDLL
VENT BUSHING

Fi wre 2-26. Obturator assembly.

(2) . rrrupted-screw breechblock. The
interrupted-screw breechbiock (fig 2-25)is used on
the weapons that fire separate-loading
ammunition; that is, ammunition without a
cartridge case. There are two variations in use—
the interru,..ed-screw breechblock without steps
in the threads, which is semiav omatic, and the
stepped-thread, interrupted-sci.w breechblock,
which holds it in the completely opened position to
facilitate loading and which also helps to swing it
to the cloged position as the can ioneer operates
the breechblock operating handle. The
semiautomatic interrupted-screw breechblock is
held in the open position by an operating cam
lever, and when the cannoreer raises the lever, ihe
breechblock closing springs cause the breechblock
to close automatically.

b. The interrupted-screw breechblock and the

iy .. /stepped-thread, interrupted-screw breechblock

(a(2) above) each has an obturator assembly (fig
2-26). This asserably consists of 2 mushroom head
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@ Closed before breechblock rotation.

DL 4

@ Under gas pressure.
Note: Ciearances are exaggerated for
purposes of illustration,

Figure 2-27. Obturator.

and spindle, two split rings, an inner ring, a
gas-check pad, and a gas-check pad disk. When
the breechblock is closed, the mushroom head
protrudes into the powder chamber, alining the
split rings and gas-check pad with the gas—check
seat. Rearward obturation is accomplished by the
compression of the eplit rings and gas—check pad
being forced against the gas-check seat by the
forward movement of the bréechblock as it rotates
about the obturator spindle and is pulled forward
by the thread segments. When the weapon is fired,
the pressure from the gases forces the maghroomn
head slightly to the rear against the front of the
breechblock. This action further compresses the
gas—check pad, which expands radially and forces
the two split rings firmly aguinst the gas-check
seat, thus preventing the gas from escaping (fig
2-27).
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2-19. Firing Mechanism

The firing mechanism is a device located on or in
the breech mechanism of a wrapon to ignite the
primer. The following types of firing mechanisma
are ueed:

a. Inertia percussion mechanism. The inertia
percussion firing mechanism is used on weapons
that have a vertical sliding—wedge breechblock
and fire semifixed ammunition. This firing
mechanism is characterized by a heavy firing pin
and guide assembly, which moves forward by
inertia to strike the primer after the action of the
firing pin spring has stopped. The firing pin and
guide assembly is retracted by a separate
retracting spring. The mechanism cocks when the
breechblock is opened and remains cocked during
loading and closing of the breechblock. It is fired
by pulling a lanyard on the M102 howitzer.

b. Firing lock M13 mechanism (continuous
pull). The firing lock M13 mechanism is used on
weapons that have horizontal sliding-wedge
breechblocks and that fire semifixed ammunition.
The complete operation of the firing mechanism is
effected by one continuous pull ¢f thelanyard, and
its safety feature is that it is no: cocked until the
instant before firing.

c. Firing mechanism M1 (percussion hammer).
The 155-mm towed howitzer M114A1 fires
separate-loading ammuniticn and is equipped
with firing mechanism M1 and the percussion
hammer. The firing mechanism with primer is
screwed into the breechblock by the cannoneer
when the weapon is loaded and ready to fire. The

hammer 1g attached tc the breschhlock carrier.
When the lanyard is pulled, the hammer strikes
the firing pin, which in turn strikes the primer,

causing the weapon to fire.

d. Firing mechanism M35 (continuous pull).
The firing mechanism M35 is used on all
self-propelled field artillery weapons that fire
separate-loading #mmunition. The M35 firing
mechanism uses a -artridge-type primer, which is
ejected from the raechanism automatically when
the breech mechanicm is opened. The complete
operation of the firing mechanism is activated by
one continuous pull of the lanyard {cocking and
firing), and its safety featureis that it is not cocked
until the instant before firing.

2-20. Auxiliary Devices

a. Chamber evacuators. Chamber evacuators
(fig 2-28) are used in combat vehicles to remove the
propellant gases from the bore after the weapon
has been fired, thus preventing convamination of
the fighting compartment. The chamber
evacuator, which fits over the cannon tube, forces
the gases to flow nutward through the bore. Part of
the gases flow through wvalves, which may be
insertsin theevacu :tororor icesin thetubeitself.
The evacuaior functions as .ollows:

W W N T
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(1) When a weapon is fired and the nrojectile
has passed the evacuator valves, located some

distance to the rear of th® muzzle, some of the . '

propellant gases flow into the evacuator chamber
(@, fig 2-29) creating a high pressure in the
chamber. This action continues until the projectile
leaves the muzzle, at which time tlie gases in the
bore are suddenly released. When the pressure in
the bore drops, the gases flow from the evacuator
chamber through the evacuator valves into the
bore ((3), fig 2-29).

(2) As the gases flow through: the valves at a
high velocity, they tend to draw gases from the
rear portion of the bore. While gases are escaping
from the evacuator chamber into the bore, the
breech is opened, allowing air and gases to flow
through the bore and out the muzzle ((4), fig 2-29).
The breech must be opened before all the gases
have escaped from the evacuator chamber;
therefore, an evacuator can be used only on &
weapon equipped with a semiautomatic breech
mechanism.

b. Muzzle brake. A muzzle brake {fig 2-28) is a
device that is mounted on the muzzle of a cannon.
It has a centrally bored hole, through which the
projectile passes, and one or more baff 8. The
primary purpose of a muzzle brake is to retard the
force of recoil. As the projectile leaves the muzzle,
the high-velocity gases following the projectile

through the tube strike the baffles of the muzzle ,- =

brake and are deflected toward the rear and sides
into the atmosphere. The gases exert a forward
force on the baffles; this force partially counteracts

the force of recoil, thereby reducing the force of
recoil,

2-21. Barrel Measurement, Definitions,
and Classifications

a. The caliber of a tube is the diameter of the
bore measured at the muzzle between opposite
lands. The caliber length of a tube is the distance
from the muzzle to the face of the breech recess and
is expressed in calibers. For example, the barrel of
the 8-inch howitzer is 25 times as long as the
diameter of its bore; therefore, itis 25 calibers long.

b. Rifling consists of a number of grooves cut in
the surface of the bore and the raised portions
between the grooves, known as lands. The rifling
imparts rotation to the projectile about its
longitudinal axis, thereby increasing its stability
in flight. The soft rotating band of the projectile is
forced to assume the contour of the rifling as the
projectile moves forward; thus, rotation is
imparted to the projectile.

(1) In most cases, the rifling in the field
artillery weapons of today *as a uniform
righi-hand twist. This means that the direction of

the twist forward from the breech is clockwise. The * :
twist is uniform throughout the bore, usually one -

turn in about 20 to 25 calibers.
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BREECH MECHANISM

CANNON TUBE

CHAMBER EVACUATOR MUZZLE BRAKE

Q0

272.12” OVERALL LENGTH
(LENGTH GF TUBE 238.05")

I

Figure 2-28. Cannon, 155-mm M185 chamber evacuator, muzzle hrake.
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Type Range Muzzie velocity Trajectory  Calibar lenoth
Mortar Short Low High 10 to 20
Howatzer Medium Medium Medium 20 to 30
Gun Long High Flat Over 30
MOR TAR
TARGET
A
Figure 2-30. Firing trajectories of field artillery weapons.

(2) The rifling in the towed 105-mm Lowitzer
M102 has an increasing rignt-hand twist,
increasing from one turn in 35 calibers at the
breech end to one turn in 18 calibers at the muzzle
end. The increased spin imparted to the projectile

£33\ with this type of rifling makes possibie greater

»
..‘\_

-

ranges with increased accuracy.
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c¢. Cannon artillery weapons are classified
according to their trajectory, range, and muzzle
velocity. The muzzle velocity is the speed of the
projectile as it leaves the muzzle; it varies with the
type of weapon and with the type and quantity of
Jropellant. The general classification data for
typical trajectories are shown in figure 2-30.

2-22. Barrel Maintenance

No field artillery weapon is of value unless it
receives proper care so that it is ready to fire. To
properly care for his weapons, a fi:ld artiiieryman
must understand the causes of damage to the
weapons gnd know how to minimize the damage.
Two causes cf damage to the tube are corrosion
caused by chemical decomposition of the tube
(rust) and erosion caused by gas wear, gas wash,
and mechanical wearing away.

a. Corrosion Corrosion, or rust. is caused by the
absorption of moisture from the air by the
hygroscopic primer salts deposit.d in the tube
during firing. These minute salt greins penetrate
the pores in the metal and are covered over by
protective coatings of powder foulings or carbon
during subsequent firing. Graduaily, ths grains
work back to the surface of the metal as they
absorb moisture from the air. This processis called
sweating. Rusting and pitting will result unless
prompt action is taken. Slight pitting is not
particularly harmful, but heavy pitting permits
the propelling gases to escape, thereby reducing
the muzzle velocity, increasing the tube wear, and
degrading the accuracy of the weapon. Corros on
can be eliminated by proper cleaning of the tube.

(1) An artillery tube should be cleaned
immediately after firing and for at least 3
consecutive days thereafter or until the sweating
stops. On the third day after firing, if the weapon is
not to be fired within 48 hours, it should be cleaned,
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wipod dvy, and coated with oil. A tube should be
cleaned weekly when not being fired.

(2) Rifle bore cleaner, the standard cleaner for
field ariillery weapons, removes residue more
easily and 30 percent faster than other agents. It
acts a8 a rust inhibitor for a period of 24 to 48
bours. It is not a lubricant. Rifie bore cleaner will
evrnorate at 150° F. The tvbe should be cool
en Zh to touch before the cleaner is used. Rifle
boi. cleaner should never be diluted with water.

(3) Cleaning compornd, solvent, may be used
in lieu of rifle bore cleaner. The solvent is a highly
penetrating liquid that also provides a temporary
rust-resistant coating for the cieaned surface.

(4) If rifle bore cleaner or cleaning compound,
solvent, s not available, an authorized substitute
is %-pound of GI soap to a gallon water. Warm or
hot water is preferred. Water alone can be used. In
freezing weather, alcohol, glycerine, or ethylene
glycol can be added to the cleaning solution to
prevent it from freezing.

{6) The cleaning procedure for eliminating
corrosion is the same for all cleaning solutions
except that the tube must be dried and oiled after
each cleaning with a substitute solution such asin
paragraphs (3) and (4) above. First, the tube should
be swabbed with the cleaning solution. (If GI soap
solution is used, the tube must be rinsed
thoroughly to remove the soap because of its
caustic action.) Then the tube should beri:ised and
dried thoroughly. After the tube has been cleaned,
it shonld have a nniform dull gray appearance
throughout its surface. Next, ithe tube shouid be
oiled. If the temperature is above 32° F, oil,
lubricating and preservative, medium, should be
used. If the temperature is below 32° F, oil,
lubricating and preservative, special, should be
used.

Note. Specific instructions are contained in the
current lubrication order ¥.¢ each weapon. Check it
for the latest instruzuone.

b. Erosion. Lrosion is the mechsanical wearing
away of the tube. The main causes of erosion are
heat and pressure. As the temperature of the metal
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increases, the metal becomes more pliable, thereby
accelerating the rate of erosion. The passage of the
projectile through the bore results in
metal-to-metal contact. The rate of wear resulting
from this contact remains relatively constant. At
the instant of firing, before the projectile begins its
travel through the bLore, the propeiling gases
escape past the rotating band. The escaping gases
cause wear, known as gas wash, because of their
velocity and extreme heat. Dirt is another cause of
erosion. The rate of erosion is accelerated by the
abrasive action of dirt, sand, and grit if allowed to
accumu.ate in the tube or on the projectile. Erosion
cannot be eliminated, but certain firing battery
practices and procedures can be employed during
firing to retard the rate of erosion. Some of these
practices are described as follows:

(1) Use the lowest charge that will permit
efficient and effective accomplishment of the
mission. Using the lowest charge commensurate
with the mission reduces heat and reducer the
pressurein the breech with a consequent decreased
in the amount and velocity of gases escaping pant
the rotating band.

(2) At all times use the lowes! rate of fire that
will efficiently and effectively accomplish the
mission. Using the lowest rate of fire reduces heat.

(3) Rest a weapon 10 minutes each hour
during sustained firing toc permit cooling.

(4) Swab the tube with cool water during lulls
in firing and gswab the powder chamher of a
weapon firing separate-loading ammup ‘tion after
each round. Swabbing reduces heat and removes
any dust, grit, or snd that has gettled in the tube
as a result of firing. Swabbing also removes some
of the primer salts, as well as extinguishing any
smoldering pieces of the previous powder bag or

charge that might be left in the powder chamber.

(5) Use clean ammunition at all times. Before
loading, clean the projeciile and propellant to
remove any dirt £nd sand. Keep the murzle and
breech covers in place during travel and wipe the
tube dry before firing. Punching a dry rag through
the tube before firing will remove the oil and also
prove thet the bore is ciear of any obstructions.
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Saction V. NEW WEAPONS

) 2-23. Genera!

The basic principles of mobility, stability, and
flexibility are being put to use in the new weapons
that have been introduced during the 1970s. Most
of these *veapons are still in the experimental or
testing stages; however, all of the new weapons are
now in the hands of the troops.

2-24. M109A2/A3 Howitzer, Self-Propelled

These .re the newest versions of the 155-mm
M109 self-propelled howitzer (fig 2-31). These
weapons are currently in the hands of some field
artillery units; the remaining units will receive
them as they hecome available. This weapon has
busically the same capabilities as the M109A1.
The main difference is that they have receivd a
total of 19 product improvements (PIPs) or
modifications that were designed to increase
+eliability and maintainability. The primary
tifference between ¢ M109A 2 and the M109A 3 is
ihat the M109A2 is a completely new weapon from
the ground up whereas the M109A3is a retrofit or a
rebuild of existing M109 and M109A1 howitzers.

2-25. M198 Howitzer, Towed
This is the newest addition to the cannon

artillery family. The M19¢ is a 1Hh-mm towed
howitzer capable of achieving ranges of
approximately 30,000 meters when firing the
rocket easisted projectile (RAP) and a new M203
propelling charge. This weapon has a 6400m rapid
shifc float being incorporated on the weapon. It is
anticipated that the M198 will replace selected
156-mm towed howitzer M114A1 or M114A2 in
nondivisional units; alse, the M101A1 106-mm
towed howitzer of the Marine Corps and most
active Army units.

2-26. M110A2 Howitzer, Self-Propelled

This is the latest version of the 8-inch
self-propelled howitzer. The most noticeable
difference between the old and new weapons is the
longer tube and the muzzle break on the newer
version. The M110A2 has an increased range
capability over the old M110. As a result of the
longer tube and muzzle break the M'10A2 can fire
higher zones or charges of propellants than the
M110. The M110A2 hasreplaced all M110s and the
(l!)‘IlO7 (176~-mm gunes) in the Army and Marine

o1 ps.

Figure 2-31. MI0942/A3 155-mm howitzer, self-propelled.
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Figure 2-32. M98 howitzer, towed.

Section VI,

2-27. Raview
amte af an or}“lqr}v

a. The three major components of an artille
weapon are the carriege, the recoil mechanism,
and the barrel and breech asgembly. You must
have a basic knowledge of the design, purpose,
function, and general mainienance of these
components to understand the more complex
functioning of componunts, which you will study
in later clasaes.

b. The new and experimental weapons you have

SUMMARY

just read about, and the new pewder charges to go
with them, are the mcans whereby the Feld
Artillery branch is staying abreast of technology
to make our artillery cannons the best in the world.
Thus, our cannoneers will still be able to put steel
on the target and to support the ground-gaining
arms by accurate and timely firepower. The basic
fundamentals you have learned in this chapter
will still be appropriate in the future. Know your
weapons, what they will do and what they will not
do, and know how to take care of them.
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APPENDIX A S
-t~ o
SELECTED CHARACTERISTICS OF FIELD ARTILLERY CANNONS SR
. ~ \“
) ..‘4
-d
¥
A
>
“
*An indicated by thermal warning device v
*eChyg 8: 1 rd/n.in for 50 min, then 1 rd/5 min thereafter .
sselfaximum of 300 zone 3 rounds N
HSW--Horlisontal sliding wedge .
VS'W.-Vartical slldin} wedge .
STIS--Stepped thread, interrupted screw o
TI5--Thread Interrupted screw ™
PH--Percussion haminer 1
CP-..Continuous pull i
SIP..Spring actuated, inert'.ia percussion j
HPC--Hydropneu natic constant J
HPV--Hydropne’ matic varisble "4
HP--Hydropne amnatic :
Pneu--Posuratic ) ’
BG--Box girder é‘if ‘
[ &F 4
Caltborand model | -
iA j
105 -mun howitser . 11J1A41, towed 11,¢10 {7,500 HoW | MI3JHPC| 39 42 1-89 ] 1,156]10 Pintle 409 400 19| Spive | Springl MIZATS
NaA Ball
and
105 -mm howitzer M102, towed 11,500 {5,000 VSw | SIP {HPV] 30 |50 J-89)1,333]10 socket | 65,400 [6,400 121 ] BG Spring| MI13A1
19, 400 | M1
(A2 only}] 2,000
MI1AL &
i55-mm howitser M114Al, towed MlAl(Mod) PH
155-mm howitser M114A2, towsed 14,620 [ 7,500 STIS | M1 HPV ]| 41 |60 0j1,156]15 Plutle 448 418 |10 | Split | Sprin; MI12A7Q
30,000 | 1,750
cPp 400 400
155 -mm howitser M198, towed 24,000 TIS M35 |HPV| 50170 ;-89 1,279]10 Pintle | (6,400 spead) |10} Split | Pneu M137
23,500 Ring )
CP and Veh =
155-rrun howitser M109AL, A2, A3, SP| 18,197 . 300 TIS | M35 | HPV! 24 136 |-53|1,333{10 Tace 6,400 16,400 [10 | spude | HP Mil?_ | -
30, 00¢ rang !
{ [ Ccp and Veh
-inch howitser M110A2, SP 1 22,900 | 10,000 STIS | M35 | HPV ] 25 ;70 35 11,1561 2.5 rvace 533 533 ) 5] spade | Pneu Ml15 |
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SELECTED CHARACTERISTICS OF FIELD ARTILLERY CANNONS—Continued

/

Prcht- -Parachute
/ 24 -ton--Truck
§-ton- -Truck
5/4-ton- -Truck
10-ton--Truck
Hel- -Helicopter

L

g? Notes
Hel
M21A1 | MIGALD | MAA L 4,980 196" | 74 | s'2» 1 10 3 Zi-ton 6-75 | 9-1015-203-12
24 -ton
Hel
Prcht
MI34AL{ MI114A]1 | MI4A1] 3,170] 22! 6'4" | 5'3" | 2 10 3 5/4-ton 9-1015-234-10
T -
M25 MIlA1 12,7001 24' 8' 511 3 4 1 S-ton 6-81 | 9-1025.200-12
M17
M171 M138 M18 15,800 | 39'3" | g'2" | 9'6" |TBD] 4 * 5-ton 9-1025-211-10
9-2350-303-10(A2)
Ml4b ML18CALll M15 53,9401 29'8" |10'4" [10'1" } 4 **} | SP 6-88 | 9-2350-217-10N{A1/A3)
3513
M139 M15 62, £00 10'4" | 9'11y 2 1.5]0.5] 5P 6-94 | 9-2350-304-10
L 39 Army-Ft, Sill, Okla.

et S Bl Aecth A-Ai r S Attt C AR SR AR

-




Section |.

3-1. Refsrences

TM 9-1015-203-12, FM 6-75, and LO
9-1015-203-10.

3-2. Introduction

The 105-mm howitzer M101A1 is a light towed
field artillery weapon normally used in direct
support of an infantry division. The 105-mm
battalion includes three firing batteries equipped
with six howitzers each. The M101A1l (fig 3-1)

Figure 3-1.

*Supersedes HB-3 WCXXWS, Dec 81.
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CHAPTER 3
105-MM HOVIITZER M101A1, TOWED
GENERAL

weighs 4,980 pounds and fires a 33-pound
projectile of semifixed emmunition to 8 maximum
range of 11,000 meters. The prime mover for the
howitzer is the 2Y%-ton cargo truck and can be
transported by CH-47 helicopters. This chapter
describes the nomenclature, cperation,
functioning, adjustment, maintenance,
disassembly, and assembly of the major
components of the weapon.

105-mm howitzer M101A7
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Section II. CARRIAGE :

3-3. Trails

a. Purpose. The trails are used to connect the
weapon and the prime mover for traveling, to
stabilize the weapon in the firing position, and to
carry the aiming posts, trail handspikes, and the
old wooden style cleaning staff sections.

b. Construction. The trails are constructed of
welded steel, built up and reinforced with
transoms inside.

c. Parts. The parts of the trails are:

(1) Trail extensions, which connect the {rails
to the equalizing mechanism by means of trail
hinge pins (fig 3-2). :

(2) T ail locking pins, which lock the trails B PR -
when spr:ad to prevent them from closing during L e e s el
firing (fig 3-2).

(3) Trail bumpers, which limit the spread of
each trail to approxiraately 30° from center, for
total spread nf 60° (fig 3-2).

(4) Cradle traveling lock brackets. See
pa;agraph 6b(7)(b)2.

(5) The fixed spades, which provide stabil‘ty

a.r. sEma

for the wzapon during firing (fig 3-3). Figure 3-3. Lunette and drawbar assembly. T
(5) The lunette and drawbar assembly, which v,
allows connection of the weapon to the prime 3-4. Equalizing Mechanism

mover for traveling (fig 3-3).

a. Purpose. The equalizing mechanism permits
the weapon to be emplaced in the firing position on
uneven terrain with the four points of contact on
the ground, the two wheels and two spades, in
different planes.

b. Components. The equalizing mechanism
4 ST e n consists of an axle. gib bearings, an equalizing
S U h support, a horizontal pivot pin, and an axle lock
N crank assembly.

1
1
!
|
|

¢. Functioning.

(1) When the weapon ic fired, the shock of
firing is transmitted to the horizontal pivot pirn
and the two trails. This results in three points of
suspension, even though four points of the weapon
rest on the ground.

(2) When the weapon is emplaced on uneven j
terrain, the equalizing support rotates on the

horizontal pivot pin, placing thetilting parts of the ,
weapon in a firing position within the limits of the B
g1b bearings 10° (178 mils) (fig 3-2). y

d. Axle assembly. The axle assembly is an
I-beam forged construction with a spindle ori each
end for mounting habs. Gib bearings o both sides <
maintain alinement with the equalizing -~ .
mechanism. Mounted in front on both sides of the ~
weapon are handcranke (fig 3-4) for axle locks to

3-2
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lock the equalizing support and axle together
when in the traveling position. The horizontal
pivot pin is mounted in a center bearing (fig 3-4).

e. Support group. The support group is a
built-up, welded tube, the surface of which moves
in the axle gib bearings. The contact between the
screv: stops on the axle and the lugs on the aupport
limits the amount of inclination.

3-6. Cradle
a. Purpose. The cradle—

(1) Supports the sleigh, the recoil mechanism,
and the barrel and breech assembly.

(2) Provides a means of attaching the recoil
piston rod to the carriage.

b. Construction.

(1) The cradle is a U-shaped trough made of
reinforced steel that supports the recoiling parts
and moves in elevation with them. The front end is
closed, and the rear end is open.

(2) The recoil piston rod passes through a hole
in the front of the cradle and is held in place by a
piston rod outer locking nut.

(3) The rear end of the cradle is open to allow
the recoiling parts to move rearward.

(4) The recoil sleigh assembly rests and slides
on bronze strips attached to the top of the cradle.
The breech ring rests and slides on steel rails.

(5) The trunnions, located approximately 38
inches from the rear of the cradle, vest in bearings
in the top carriage and provide the pivot point for
elevation.

(6) Cradle lock strut;:

HOAZONTAL
PIVOT PN

Figure 3-4. Right- and left-hand axle locks.

UPPER STRUT
B | ATCH ASSENBLY

CRADLE LOCK
STRUT ASSEMALY

N Lowen STRUT .
LATCH ASTEMNLY 3

Figure 3-5. Cradle lock strut assembly.

(a) Purpose. The cradle lock strut (fig 3-5)
supports the overhanging weight of the barrel and
breech assembly and the recoil mechanism in the
iraveling position and thus removes the sirain
from the elevating mechanism, which would
otherwise be subjected to excessive wear.

(b) Construction.

1. The upper end of the cradle lock strutis
mounted to the bottom of the cradle by two plain
bearings and a hinge pin.

2. The cradlelock strut consists of a brace,
a piece, a turnbuckle, and two jamnuts (fig 3-5).

(c) Positions.

1. In the traveling position, the cradle
lock strut is swung down and locked ‘o the center
and bottom of the bottom carriage and is held in
place by the lower strut latch assembly (fig 3-5).

2. In the firing position, the cradle lock
strut is swung upward and locked in. place by the
upper strut latch assembly (fig 3-5).

{d) Adjustment.

i. The cradle lock strut can be adjusted, if
it is too long or too short to engage the Jower strut
latch when the trails are closed, by loosening the
jamnuts on the scrut, turning the turnbuckle until
the proper length is obtained, and retightening the
jamnuts.
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Migure 3-6. " Cradle traveling lock.

9. The cradle lock strut must be ad;usted
so that the upper bearing surface of the cradlelock
beace engages the lower strut latch.

3. The trails rust be closed, and the
cradle traveling lock must be secured.

Note. If the strut is not properly centered
with the trails closed, the traveling lock brackets
on the trails should be adjusted.

(7) Cradle traveling lock:
(a) Purpose. The cradle traveling lock--

i. Locks the cradle in the center of
traverse for traveling.

2. Relieves the strain from the elevating
and traversing mechanisms.

(b) Construction.

1. The cradle traveling lock (fig 3-6)
consists of two ball-shaped pieces mounted on the
rear bottom end of the cradle.

2. Matching brackets on thetrailsengzage
the ball-shaped pieces when the trails are closed
and hold the cradle in the center of traverse for
traveling.

3. The cradle traveling lock brackets may
be adjusted to tighten the fit and to center the tube
sc that the cradle lock strut will operate properly.

3-6. Handbrakes

a. Purpose. The handbrakes hold the weapon in
position when it is not connected to the prime
MOVEr.

b. Disassembly, adjustment, and assembly.

Disassemble, adjust, and assemble the
handbrakes as described in TM 9-1015-203-12,

W e T
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c. Proper adjustment. The handbrakes are in
proper adjustment when the levers can be pulled
about halfway dowrn the rack before the brake is
completely set. To verify the adjustment, the
wheels must be raised and rotated when the
handbrake is applied.

3-7. Wheels and Hubs

a. Remove and assemble the wheels and hubs as
described in TM 9-1015-203-12.

b. Adjust the wheel bearings asdescribed inTM
9-1015-203-12.

Note. Maintenance of this component and of all
other components of the 105-mm howitzer
M101A1 described in subsequent paragraphs of
this chapter will include lubrication of the item
concerned. Lubrication of all components will be
performed in accordance with Lubrication Order
9-1015-203-10.

3-8. Top Carriage

a. Purpose. The top carriage providea flexibility
in traverse and supports the cradle and the
elevating and traversing mechanisms on tho
stationary mount provided by the equalizing
support.

b. Components. The top carriage consists of
everything that moves in traverse, Hut not in
elevation, except the shields, { versing
mechanisms, and elevating arcs. The top carriage
is locked in the center of traverse by the cradle
traveling lock.

c. Assembly. Th vertical pintle pin passes
through the top carrnage and support. The cradle
pivots on the trunnion bearings at the rear of the
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top carriage. The pintleis the axis for traverse, and

.~ the trunnions are the axis for elevation.
Dt}

d. Lubrication. The top carriage is lubricated as
prescribed by LO 9-1015-203-10.

3-9. Traverse

The type of traverse is pintle. The pintle is the
verti 1! bearing avout which the top carriage
revo.ves.

a. The total amount of on-carriage traverse is
80D mils, 400 mils to the left and 499 mils to the
right of the center of traverse.

0. The amount of traverse, left and right, is
limited by stops on the top carriage contacting the
equalizing mechanism.

3-10. Traversing Mechanism

a. Purpose. The traversing mechanism allows
the tube o1 the weapon to be moved either left or
right in a horizontal plane.

b. Type. The traversing mechanism on the
towed 105-mam howitzer is of the screw-and-nut
type.

(1) Each complete turn of the handwheel
moves the tube 19 mils.

(2) The muzzle moves to the right when the

-7 handwheel is turned to the right, and the muzzle
gsnoves to che left when the handwheel is turned to

the left.

¢. Components. The traversing mechanism
consists of a nut housing bracket, a screw, a shaft,
a handwheel, and a pivot mounting bracket for
acrews.

d. Disassembly and assembly. End play in the
traversing wormshaft is adjusted by means of a
collar. The collar may be removed and replaced.
The handwheel may be removed, installed, and
adjusted as described in TM 9-1015-203-12. The
allowable backlash in the handwheel is 1/6 turn.

e. Lubrication. The traversing mechanism is
lubricated as prescribed by the current LO
9-1015-203-10.

3-11. Elevating Mechanism

a. Purpose. The elevating mechanism allows
the tube to be moved in a vertical plane.

b. Type. The elevating mechanism is of the arc
and pinion type.

(1) Total elevation is from 0 to 1,156 mils.
Elevation is limited by the equilibrator spring
front seat contacting the fulcrum.

4?-‘ (2) Total depression is from 0 to -89 mils.
-*~"Depressgion is limited by the stops screwed on the

bottom of the elevating arcs.

35

(3) Onecomplete turn of the handwheel moves
the tube 10 mils.

c. Componente. The elevating mechanism
congists of a left elevating handwheel with an
elevating cross-shaft, two bevel gears, a flexible
joint, and » bevel pinion shaft and of a right
elevating ! indwheel with two bevel rears, a
flexible joint, an elevating wormsihaft, an
elevating worm, an elevation worm wheel, an
elevating worm wheel shaft, spur pinions, and two
elevating arcs.

(1) The worm a' ' worm wheel make the
elevatin mechanism ¢ . irreversible type.

(2) Plain bronze and antifriction roller
bearings are used in ihe elevating mechanism.

d. Disassembly and assembly. Only the
elevating handwheel may be removed and
adjusted as described in TM 9-1015-203-12. The
maximum allowable backlash in the elevating
handwheel is 1/6 turn.

e. Lubrication. The elevating mechanism is
tuocicated as prescribed by the current LO
9-1015-203-10.

3-12. Equilibrator

a. Purpose. The equilibrator compensates for
the preponderance of the weight toward the muzzle
caused by the rear-mounted trunnions and thus
reduces the manual effort required to elevate and
depress the tube.

b. Type. The equilibrator is an open-spring,
puiler-type mechaniem that connects the rear end
of the cradle to the top carriage.

c. Adjustment.

(1) If the tube is hard to elevate and easy to
depress, tighten the adjusting nut on each rod an
equal amount by turning it clockwise % turn until
the same amounrt of effort is required to elevate the
tube as to depress the tube.

(2) If the tube is easy to elevate and hard to
depress, loosen the adjusting nut on each rod an
equal amount by turning it counterclockwise %4
turn until the same amount of handwheel effort is
required to depress the tube as to elevate the tube.

Note. If the nuts are not adjusted equally, the
rear seat of the spring will bind on the spring roa.
The distance from the end of each guide rod to the
adjusting nut should be measured to insure equal
adjustment.

3-13. Shields

The shielde are constructed to protect the crew
from fragmentation or small-arms fire from the
front. The shields may be removed by the using
unit, although this is seldom necessary. The sight
box is mounted on the left shield.
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Section {ll. BARREL AND BREECH ASSEMBLIES

3-14. Barrei Assambly

a. General. The barrel assembly consists of the
tube, breech ring, cannon locking ring, and guides.
‘The barrel is screwed into the breech ring and
secured by tae breech ring locking ascrew. The
barrel is secured to the recoil sleigh by the cannon
locking ing, which is locked in place by the
cannon locking ring screw. Two lugs on the breech
ring fit into matching notches in the rear yoke of
the recoil sleigh, thus preventing the barrel group
from rotating inside the sleigh during firing.

b. Construction. The tubeis made by peuring an
alioy steel ingot, which is hot forged into a
cylindrical shape by use of a high-pressure press.
A hole is then bored through the center and the
outside surface is rough-turned and machined.
The insidz of the barrel is machined with a bore
guidance system that insur« s the straightness of
the barre! to within 0.005 inch for the entire length
of the tube. The tubeis made of high strength steel.

¢. Characteristics.

(1) Caliber—105-mm, or 4.13 inches between
opposite lands.

(2) Length—(muzzle to rear face of breech
ring)—101.35 inches.

(8) "« -~th of tube—93.05 inches (22.5 cal).
{4, 7. - ath of riiing (borej—~78.0Z inches.

. .ecte T ity—472 meters per second
(ma . im charge).

(6, Maximum chamber pressure—3Z2,000
pounds per square inch.

(7) Lands and grooves--36.

CENTERNING SLOPE
FOOCING

T et B T
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(8) Rifling—uniform right-hand twist, 1 turn
in 20 calibers.

(9 Maximum range—-11,000 meters.

(10) Rate of fire—sustained is 3 rounds per
minute; maximum is 10 rounds per minute for the
first 3 minutes.

(11) Weight of barrel assembly—973 pounds.

(12) Weight of breech mechanism—91
pounds.

d. Tube and breech life. Each round of
ammunition fired through a cannon tube causes
wear and erosion of the tube and results in a
change in the dimensions of the bore. The extent of
wear for most gun tubes and some howitzer tubes
determines the remaining life of the tube. In
addition to wear and erosion, each round produces
metal fatigue, a process in which heat and
expanding gases weaken the metal in the tube and
reduce tube life. The method for determining the
remaining life for these tubes is to convert rounds
fired to equivalent full charge (EFC) rounds and
subtract the EFC rounds fired from the remaining
rounds authorized. The tube and breech life for the
105-mm howitzers M101 and M101A1 are shown

in table 3-1. The information in the table was ;- "-'m
extracted from TM 9-1000-202-10 and change 1 to =@

TM 9-1000-202-35.

(1) To convert rounds fired to EFC rounds,
muitiply the number of rounds fired (Ly charge) by
the EFC factor for the charge as shown in table
3-1.

(2) Since the condemnation criteria for the
tube and breech, as listed in table 3-1, ie based on

COUNTENBORE

Figure 3-7. Cross section of 105-mm tube.
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Table 3-1. Condemnation Criteria for Tubes and Breech Assemblics
l Condemnation Criteria for Tubes and Breach Assemblies T
106-mm Howitzer M101 and M101A1
Cannon tube EFC life of tube EFC factor Breech life
M2A1 5,000 rounds Charge 7 = 1.00 | Original, plus 2 tubes
Charge 1-6 = 0.25
M2A2 7,500 rounds Charge 7 = 1.00 [ Origirnal, plus 2 tubas
Charge 1-6 = 0.25

EFC rounds fired, the charge for each round fired
must be entered on the Weapon Record Data Card
(DA Form 2408-4) maintained in the log book for
each weapon. The total rounds fired by charge
must be carried forward to the new data card upon
closeout and submission of the old card to the U.S.
Army Weapons Command on the dates indicated
in TM 38-750.

e. Borescoping requirements.

(1) Since there is no direct correlation between
wear measurements and metal fatigue, the
requirement o borescope cannon tubes still exists.
Cracks, material defects, and other damage,
although they bear little relation tc zannen age or
number of rounds fired, can grow progressively

H‘-"morse through continued firing. Therefore, a

non tube may be condemned even though the
“EFC condemnation limit may not have been
reached.

(2) As a minimum, insure that technically
trained personnel visually inspect cannon tubes
with a borescope as follows:

(a) Cannon tubes will be inspected with a
borer~ope within 90 days prior to the initial firing
of t1 weapon and at 9-day intervals when the
weapon is used for continuous or recurring firing.

(b) Cannon tubes will be inspected with a
borescope within 90 days prior to the initial firing
of the weapon and within 90 days prior to
semiannual, annual, or other firing intervals.

{c) At the time of inspection, the
maintenance personnel should check to insure the
user is maintaining TAMMS reccords in
accordance with TM 38-750, is accurately
recording rounds fired by charge, and is accurately
computing remaining EFC rounds.

3-16. Interior Portion of Barrel and Breech

a. The breech recess is the space at the rear of

the barrel assembly forme:i in the interior of the

_i)reech ring, which is designed to receive the

~Jreechblock, and thereby affords a means of

mechamcally opening and closing the rear of the
assembly for loading and firing the weapon.

-------
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b. The powder chamber is that portion of the
tube designed to house the propelling charge
which is contained in the cartridge case.

c. The centering slope is the tapered portion
forward of the powder chamber that causes the
projectile to center itself in the bore during the
loading operation.

.d. The forcing cone is the rear portion of the
main bore formed by tapered lands. The forcing
cone allows the rotating band of the projectile to be
engaged gradually by therifling, thusinsuring the
proper seating of the projectile.

e. The main bore incltides all the portion
forward of the centering slope; that is, the entire
rifled portion of the bore.

f. The counterbore is that portion of the muzzle
end of the tube that has been rebored a
predetermined distance to increase the diameter
by removing the lands and grooves from that

v Th [ whoo
poruion, JALPUrpose of the counterboreis torelieve

stress when the weapon is fired to prevent the end
of the tube from cracking. It does this by allowing
the gasses to escape past the rotating band, before
it reaches the end of the tube.

3-186. Exterior of the Barre! Assembly
a. General.

(1) The rear end of the barre! is threaded
externally so that the breech ring can be screwed
onto the tube.

(2) The four scribed lir2s (or dots) on the
muzzle end of the tube are witness marks for
alining the crosshairs used in boresighting.

b. Cannon locking ring.

(1) The cannon locking ring is screwed onto
the tube just in front of the front yoke of the sleigh
assembly. It attaches the barrel and breech
assembly to the recoil sleigh assembly.

(2) The threads of the cannon locking ring are
lubricated with grease, molybdenum disulfide
(GMD). This lubricant is an improvement over
graphite grease and should be used if available.
Both lubricants have heat-resistant qualities.
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¢. Seat ring. The geat ring is the bearing surface
directly behind the threads on the tube that receive
the cannon locking ring and fits inside the bearing
surface in the front yoke of the recoil sleigh
assembly. It serves the purpose of seating the tube
properly in the sleigh assembly.

d. Fixedring. Thefixedringis the raised portion
just to the rear of the seat ring. It stops the forward
mution of the tube asitisinstalled inside the sleigh
assembly and fits snugly behind the front yoke as
the cannon locking ring fits in front of the front
yoke.

3-17. Breech Ring

a. The breech mechanism allows the breech to
be opened so that a round of ammunition can be
inserted and be closed so that the round can be
fired.

b. The breech ring is screwed on the tube and
locked in place by a locking screw. Two lugs on the
bottom of the breech ring prevent the tube from
rotating during firing.

c. There are two bronze slides on the bottom of
the breech ring and two guadrant leveling plates
on the top.

3-18. Breech Mechanism

a. The brcech mechanism ailows the breech to
be opened so that a round of ammunition can be
inserted and to close so that the round can be fired.

~ B WITTTTTI

1 1 rA B 2N

Figure 3-8, Breech mechanism—components.
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b. The breech mechanism (fig 3-8) is housed in
the breech ring. It is composed principally of a
horizontal sliding-wedge breechblock, the

breechblock operating lever and lever pivot, and -_‘1-;'.‘

an extractor and also houses the firing lock and
trigger shaft, which are considered components of
the firing mechanism.

r. Two safety fratures are inherent in a sliding
wedge-type breechblock employing a continuous
puli-type firing lock. First, if the breechblock is not
fully closed, the firing pin cannot strike the primer;
second, the firing lock cannot be actuated if the
tube is more than 31 inch out of baitery, because the
trnigger shaft cannot be rotated far enough te
actuate the Jock.

d. Two German silver quadrant seats are
locateu on top of the breech ring. These machined
surfaces provide a level plane on which to seat the
MI1A1 gunner’s quadrant. These seats should be
wiped cleun and should not be abraded, cut,
dented, or otherwise damaged. They should
provide a smonth surface on which to place the
shoes of the gunner’s quadrant.

e. The breech life of this weapon is three tubes,
the original tube plus two retubings (see table 3-1).
The number of retubings for each weapon snould
be stamped on the rear face of the breech ring.

3-19. Firing Mechanism and Firing Lock S
-’

a. The firing mechanism consists of the

b. Firing lock M13 is a continuous-pull-self-
cocking-type firing lock.

3-20. Operation of the Firing Lock

a. Firing. When the arm of the trigger shaft is
moved to the rear, the shaft is rotated clockwise
and its equared end, fitting inside the trigger fork
causes the trigger fork to be rotated forward. As
the trigger fork is rotated forward, it forces the
firing pin holder sleeve forward which compresses
the firing spring and at the nd of its forward
motion depresses the sear. As tl.e searis depressed,
it releases the firing pin holder .ind the compressed
firing spring drives the firing pin holder and firing
pir forward, and the firing pin strikes the primer.

b. Cocking. When the lanyard is released, the
pressure from the trigger fork is no longer exered
on the firing pin holder. Since the firing spriny is
still under partial compression, it continues to
exert pressure and expand. The leverage to therear

is greater; *herefore, the firing pin holder sleeveswa,
and firing pin holder are forced to the rear and the. -. -
sear engages the firing pin holder, and keeps i.in -

this position until the lanyard is pulled again.
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i SREECHBLOCK

1. Lift datent handle and withdraw trigger shaft.

2. Turn firing lock 1/6 turn and remove 1t from
breechbiock.
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3. Open breech until assembly line on lever is at adge
of breech ring. Remove operating javer pivot.
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4. Pull breechblock to rignt until the crosshead on A

operating lever clears the breech ring. Remove -

lever. J

N Note. New manufacture of breechbio~k crosshead 5

will be round design, free fitting without setscrew
(5998391).
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- 5. Pusn breechblock just far enough to the left to 6. Slide breechblock to extreme right and lift it out of
ciear the extractor. Rotate the extractor out of its the breech ring. To install breechblock, reverse
<2 seatand lift it so that the extractor trunnicn clears

i ) 4 procedure.
“--7 its recess in the bresch ring. Remove extractor.
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Figure 3-9. Disassernbly and assembly cf the breech mechanisr.
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3-21. Disassambly and Assembly of the
Breach Mechanism

The procedure for disassembly and assumbly of
the breech mechanism is described and illustrated
in figure 3-9.

3-22. Disasseimbly of the Firing Lock M13

a. Remove the trigger fork by grasping the
{iring case with the trigger fork down and pressing
the firing pin against a solid surface. The trigger
fork will fall free of the firing lock outo the surface.

b. Press the front end of the sear out of
engagement with the firing pin holder; at the same
time, push the assembled firing pin holder and
sleeve forward until they can be grasped and
pulled from the firing case. Remove the sear and
sear spring.

c. To disassemble the firing pin lolder and
sleeve, grasp the rear end of the firing pin holder
sleeve and place the firing pin on a solid surface.
Push the firing pin holder sleeve down to unhook it
from the holder. Allow the holder to recede out of
the sleeve, freeing the spring.

d. Remove the cotter pin from the firing pin
holder and unscrew the firing pin.

Note. In some firing locks, the firing pin and
firing pin bushing are one niece.

e. While the firing ock (fig 3-10) is
disassembled, the component parts should be
cleaned thoroughly w1th nfle bore cleaner wiped

—l

3-23. Assembly of the Firing Lock

a. Screw the firing pin into the firing pin holder, -

insert the cotter pin, and spread its ends carefully
so that they will not rub against the firing case.
Assemble the firing spring over the holder and the
sleeve over the spring and holder. Compress the
spring below the top of the T of the holder and keep
it comipressed until the T enters the T-slot of the
sleeve. Put the firing pin on a sclid surface and
press downward on the sleeve until the hook of the
holder shank hooks into the notch at the rear of the
firing pin holder sleeve.

b. Insert the sear spring into its seat in the
bottom of the firing case. Insert the sear into the
case (fork part first) so that the sear spring stud
enterse the sear spring.

c. Keep the sear pressed down by grasping the
fork end with the little finger of the hand holding
the firing case and insert the assembled firing pin
holder and sleeve into the case with the flat portion
of the sleeve and the sear notch of the holder
against the sear so that they will engage the sear.
Hold the sear from slipping backward, withdraw
the finger, and push the holder back until it is
latched by the sear. In order for the sear to engage
the sear notch of the firing pin holder, the rear of
the sear should be pushed inward.

d. Insert the trigger fork into the opening in the -

bottom of the case with the side marked MUZZLE", ‘_:

FACE toward the front. Push the trigger fork until

1t anana 1\nf n 143
IV SNIGPS 1nte posaien.

HRING CASE

KA PD 111034

Figure 3-10. Firing lock M13—components.
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3-24. Maintenance of the Barre! and
Breech Assemblies

a. Lubricants.

(1) Grease, molybdenum disulfied (GMD), 18
used on and under the cannon locking ring.

(2) 0il, lubricating, preservative, medium
(PLM), is used on all bearing surfaces in
temperatures above 32° F.

(3) 0il, lubricating, preservative, speciai
(PLS), is used on all bearing surfaces in
temperatures below 32° F.

b. Cleaning and lubricating the tube.

(1) Afterriring, clean and lubricate the tube as
follows:

(a) With rifle bore cleaner.

1. Using rifle bore cleaner (RBC), clean
the tube the day of the firing and for 3 consecutive
days thereafter or until sweating stops (a
minimum of fcur cleanings). The tube should be
cool enough to touch with the bare hand before you
use rifle bore cleaner, since it evaporates at 150° F
and causes dark spots.

2. On the fourth day, if the weapon is not
to be fired within 24 hours, clean, dry, and inspect
the tube and lubricate it with PL.M or PLS.

\ 3. Rifle bore cleaner is not a lubricat, but
it will inhibit rust for 24 to 48 hours.

4. Rifle bore cleaner removes residue more
easily and 30 percent faster than other solutic

-
1a U percent Iagler 3180 ONCY 50,UW0INS.

Note. If cleaning compound o: solvqnt is
issued in lieu of RBC, the cleaning procedureisthe
same as that described in (a) above.

(b} Without rifle bore cleaner.

1. Swab the tube thoroughly with a
mixture of %-pound of Glor castile soap per gallon
of hot or warm water.

2. After each cleaning, by swabbing,
rinse the tube thoroughly with clear water, dry it,
inspect it, and lubricate it with PLLM or PLS.

(2) When rifle bore cleaner is available, the
weekly maintenance is performed as follows:

fa) Clean the tube as described in (1){a)
above.

(b) Reoil the tube with PLM or PLS.

(3) When rifle bore cleaner is not available,
the weekly maintenance is performed as follows:

(@) Clean the tube as described in (1)(b)
above.

(b) Rinse the tube thoroughly with clear
water and dry and inspect it.

(c) Reoil the tube with PLM or PL:.

Note. The breech mechanisn. and the firing
mechanism should be disassembled and cleaned
each time the tube is cleaned.

(4) Retract the tube to service the forward
slides.

{a) Block the cquilibrator with & wooden
block 3 inches by 3 inches by 12 inches.

(b) Remove the cannon locking ring screw
and unscrew the cannon locking ring.

{c) Push the tube 2 to 3 feet to the rear.
(d) Clean and lubricate—
1. The slides that have exposed bearing

surfaces with PLM or FLS and the grease fittings
with grease, automotive artillery (GAA).

Note. Use crocus cloth te remeve rust
Yrom all (unpainted) bearing surfaces.

2. The threads of the cannon locking ring
with GMD.

3. The fixed s~at ring with GAA.
4. The breech recess with PLM or PLS.
(5) Slide the tube to battery and replace the

breech mechanism.

Section IV. RECOIL MECHANISM

3-26. Purpose of Recoil Mechanism
The purpose of the recoil mechanism is to—

. Stop the rearward movement of the recoiling
parts.

PonN b. Return therecoiling parts to the normal firing

- yposition.
- ¢. Accomplish the functions in a and b above
without shock.

_______
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d. Hold the tube in battery ut all angles of
elevation.

3-26. Type of Recoii Machanism

The recoil mechanism employed is a
hydropneumatic, corstant, dependent-type
mechanism, employing a floating piston.

a. Hydro means a liquid is used. This liquid is
one of three petreleum-hased hydraulic fluids now
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in the supply system. The hydraulie fluids are
commonly known as recoil oil OHA, OHC, or OH'T.
Because OHT provides more protection against
corrosion, it is the preferred oil. The mixing of
these oils is not recommended because this would
tend to dilute the additives of one oil not contained
in the other A recoll mechanism containing a
mixture of these oils should be drained and refilled
with the preferred OHT as soon as it becomes
available All three oils are red in color and have a
temperature range from -65° F to +150° F.

b. Pneumatic mneans a gas is used; in this case,
nitrogen gas. The gas, which is installed by
ordnance personnel, is installed at 1,100 pounds
per square inch at a temperature of 70° F without
oil reserve. Nitrogen is relatively inert, highly
compressible, and nonflammable.

c. Dependent means there is a liquid connection
for the flow of recoil oil between the recoil and
recuperator cylinders.

d. Constant means there is no mechanical
means of changing the length of recoil.

e. Floating piston means that a free piston
separates the liquid from the gas in the recuperator
cylinder. It forms a movable, liquid tight, gas tight
seal.

3-27. Components cf the Recoil Mechanism

a. Recoil sleigh assembly. The recoil sleigh
assembly supports the recoil mechanism.

{1} The yokes hold the parte together and
support and secure the tube by means of a locking
ring.

(2) The rails slide on the cradle recoil guides to
guide and support the recoiling parts.

b. Recuperator cylinder. The recuperator
cylinder houses the nitrogen gas and recoil oil and
conteins a regulator assembly, floating piston
assembly, and recuperator cylinder front head
assembly.

(1) The regulator assembly regulates the flow
of oil during recoil and counterrecoil and contains
the following:

(a) The four one-way valves, which are
open during recoil and closed during counterrecoil.

(b} The throttling orifice.
(¢c) The oil passagec.
(2) The floating piston assembly includes the

floating piston, diaptiragm, and tapered control
rod

(a) The floating piston separates the
nitrogen gas from the recoil oil and moves during
recoil and counterrecoil.

(b) The tapered control rodis attached to the
diaphragm and controle the flow of 0il through the
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throtthing orifice during recoil, and contrels the oil
through the variable depth grooves cutinthe walls
of the regulaior central bore during counterrecoil
in order to control the buffing action,

(3) The recuperator ceylivider front head
assembly contains a filling valve mechanism, an
oil index, and anoil index control rod. The oil index
indicates whether there is an insufficient amount
of o1l reserve in the recuperator cylinder.

¢. Recoil eylinder.

(1) The recoil piston and piston rod are
stationary in the recoil cylinder and are attached
to the cradle by the piston rod outer locking nut.

(2) The preumatic respirator (fig 3-12), an
adjustable buffer is located at the rear head of the
recoil cylinder. The respirator controls the escape
of air from the rear of the recoil cylinder by means
of an adjustable orifice. By admitting air freely
during recoil and restricting the escape of air
during counterrecoil, the respirator provides the
additional buffing action that is sometimes
necessary to prevent the howitzer from slarnming
into battery. It has four settings: 0, 1, 2, and 3. To
set the respirator on 0, turn the respirator valve
head counterclockwise as far as it will go. To set
the respirator at any other setting, turn the
respirator valve head clockwise, one click for a
setting of 1, two clicks for a setting of 2, and three
clicks for a setting of 3.

fa) 0 is the travel setting.
(b) 0 ar 1 for low-angle firing.

fc) Set at 2 for low-angle and sustained
high-angle firing.

(d) Set at 3 for minimum buffing action.
3-28. Functioning of the Recoil Mechanism
a. Action in recotl (fig 3-11).

(1) When the weapon is fired, the tube, the
sleigh, and the recoil mechanism move to the rear.
The recoil piston, which remains stationary
because it is attached to the frontend of the cradle,
forces oil out of the recoii cylinder, through the
connecting passages in the front yoke of the sleigh,
and into the regulator assembly of the recuperator
cylinder. .

(2) The pressure of the recoil cil entering Lthe
regulator assembly opens the four one-way
valves, permitting oil to flow freely. The recoil oil
passes through the throttling orifice in the
regulator and torces the diaphragm to the rear.
Tbe diaphragm forces the floating piston io the
rear, thus, compressing the nitrogen gas.

(3} Asthe diaphragm is moved to the rear, the

tapered con.rol rod is drawn through the throttling<fa

orifice, gradually closing it and stopping the flow.~
of recoil oil, thereby stopping the rearward
movement of the tube,
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(4) The energy of the recoiling parts is
dissipsted by—

fa) The throttling of the recoil oil.
(b) The corapression of the nitrogen gas.
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Figure 3-11.

(c) The friction of the moving parts.
b. Action in counterrecoil (fig 3-12).

(1) The energy of the compressed nitrogen gas
acts on the floating - ston, which forces the oil
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back into the reccil cylinder. The oil pressing
against the front face of the recoil piston and the
forward face of the recoil cylinder forces the tube
back into the firing position.

(2) Since the four one-way valves of the
regulator assembly are closed, the oil passes
through the central bore of the regulator assembly.
As the recoil oil passes the tapered controlrod,itis
throttled through the variable depth grooves cutin
the walls of the regulator central bore. This
throttling action returns the tube to battery
without shock. This counterrecoil buffer is the
internal rod and tapered groove type.

(3) The adjustable respirator (pneumatic-type
buffer), at the rear end of the recoil cylinder, aids in
controlling the velocity of counterrecoil; i.e., it
asgists the internal rod in the buffing action.

¢. Oil index and oil reserve.

(1) The recoil mechanism is designed to
operate properly when the correct recoil oil reserve
is forced into the system so as to separate the
diaphragm from the regulator assembly. This oil
reserve serves as a means of transmitting the
pressure of the nitrogen gas in the recuperator
cylinder, through the connecting port and into the
recoil cylinder. The tube is held in battery, at al
angles of elevation and during travel, by the
pressure of the recoil cil acting on therecoil piston.
The proper amount of oil in the reserve is 6 ounces,
or approximately 1% screw fillers.

(2) The oil index pin gives only two
indications.

(e) A recessed index pin indicates an
insufficient oil reserve. When the amount of
regerve oil is less than prescribed, a rod attached to
the diaphragm moves forward and actuates a rack
and pinion mechanism, which causes the index
pin to recede into the oil index recess.

(b) When the index pin i3 flush with the
front head of the recuperator cylinder, it indicates
that there is at least the proper amount of reserve
oil. Since the index pin can not extend further than
flush, it will not indicate an excessive amount of
reserve oil.,

3-29. Servicing the Recoil Mechanism
a. Battery maintenance of thereccil mechanism
is limited to—
(1) Exterior cleaning, painting, and
lubricating.
(2) Draining and replenishing the oil reserve.

Note. To drain the oil reserve, use the liquid
releasing tool asindicated in & below. To replenish
the oil reserve, use the oil screw filler as indicated
in ¢ and d below.

(3) Adjusting the pneamatic respirator.
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(4) Disconnecting, connecting, and adjusting
the recoil piston rod outer locking nut.

b. Take certain precautions when inserting the
liquid releasing tool.

(1) Check for burred or damaged threads.
(2) Clean the threads of any foreign matter.
(3) Do not cross thread. '
¢ (4) Do not screw the liquid releasing tool in too
ar.
¢. To fill and purge the oil screw filler--
(1) Remove the handle and head as a unit.

(2) Pour recoil oil directly into i -’
avoiding air bubbles.

(3) Replace the head and tigliten.

(4) Hold the nozzle end up and remove the
bronze cap from the nozzle head.

(5) Wait a minute or two for air bubbles to rise
to the surface.

(6) Turn the handle and purge the oil screw
filler by turning the handle until no more air
hubbles appear in the oil.

d. Take certain precautions while inserting the
oil screw filler.

(1) Depress, or elevate the howitzer tube until .
it is approximately level.

(2) Insure thai the filling hole is clean.

(3) Do not cross-thread the oil screw filler
when inserting it into the filling hole.

(4) Purge the air from the filling hole before
tightening the oil screw filler.

(5) Maintain an equal pressure on both sides
~“ the handle.

(6) Avoid any lateral pressure to prevent
breaking off the threaded nozzle.

(7) Use the correct size wrench on the filling
plug and the oil acrew filler.

aryal,

€. To establish a correct recoil vil reserve—

(1) If the index pin is recessed, replenish the
syetem until the index pin becomes tlush with the
front head cof the recuperator cylinder.

(2) If the index pin is flush, drain oil from the
reserve until the index pin begins to recede.
Remove the liquid releasing tool and replenish the
system as indicated in (1) above.

32-30. Adiustment of the Racoil Piston Rod
Quter Nut

The procedure for adjusting the recoil piston rod ~=»
outer nut ie to screw the recoil piston rod outer nut ...~
onto the recoil piston rod. Tighten the nut jue.
enough to prevent end play and then loosen it one
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castellation. This action will permit the piston rod
to find its natural position without binding or
causing a leak at the stuffing box. Insert the cotter
pin and bend it over,

3-31. Lubrication of Slides

a. The slides should be cleaned and inspected
for burrs.

b. The slides should be lubricated as described
in LO 9-1015-203-10.

3-32. Recoil indicator

The purpose of the recoil indicator is to measure
the length of recoil. It is located on theright side of
the cradle behind the elevating arc. The procedure
for determining the length of recoil is as follows:

o. Grease the underside of the right sleigh railin
line with the recoil indicator.

b. Release the spring-loaded indicator.

¢. Measure the length of the mark made in the
grease when the weapon is fired. The
measurement should be from 39to 42inches, when
the maximum charge is fired

Note. If the length of recoil exceeds a maximum
of 44 inches, reestablish the correct oil reserve; if
trouble persists, notify the direct support unit.

3-33. Malfunctions--Causes and Corrections

Moalfunction Cause Correction
a. The tube returns to battery (1) Excessive oil reserve. (1) Drain and replenish the oil
writh shock. reserve,

(2) Improparly adjusted

(2) Adjust the respirator.

prneumatic respirator.

(3) Excessive nitrogen

pressure.

b. The tube returns to battery
too slowly or fails to return.

(2) Improperly adjusted

(1) Insufficient oil reserve.

(3) Notify the direct support
unit.

(1) Drain and replenish the
oil reserve.

(2) Adjusi the respirator.

pneumatic respirator.

(3) Insufficient nitrogen

pressure.
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with & jerky motion.

[ 3}

the slides.

(2) Nitrogen or air in the

recoil oil.

{1} Lack of iubrication on

(3) Notify the direct support
unit.

(1) Lubricate the slides,

(2) Drain and replenish the
oil reserve. If motion is still
jerky, notify the direct support
unit. :

Section V. SIGHTING AND LAYING EQUIPMENT

3-34. Deéefinitions of Common Terms

a. Fire control instruments—Include both on-
and off-carriage instruments. On-carriage fire
control instruments are built in or placed on the
weapon by the gun crew and are used to lay the
weapon in deflection and/or elevation. Such
instruments as the panoramic telescope, range
quadrant, elbow telescope, and gunner's quadrant
are on-carriage equipment. The aiming circle,
battery commander’s telescope, and M2 compass
are examples of off-carriage fire control
instruments.

b. Trajectory—The trajectory is the curve traced
by the center of gravity of the projectilein its flight
from the muzzle of the weapon to the point of

impact or point of burst. The muzzle of the weapon
is placed in the correct firing attitude (position) by
applying certain announced horizontal and
vertical angular measurements to the sighting
and laying equipment and laying the weapon.

c. Reticle—A measuring scale placed in the
focus of an optical instrument. Some reticles have
graduations tha' allow the operator te make smali
angualr or range measurements.

d. Sighting—The process of directing a line of
sight i 'ward an aiming point.

e. Laying—The process of pointing the tube of a
weapon in a given direction for a given range.
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f Indirect fire—Fire from a weapon that is laid
by . ighting on a point other than the target.
Normally, the target and weapon are not
intervisible.

&. Direct fire—Fire from a weapon that iz laid by
sighting directly on the target.

h. Cant—The tiiting of the trunnions of the
weapon out of the true herizontal plane. Cant
causes the tube to travel out of the true horizontal
plane in traverse and out of the true vertical plane
in elevation. Cant is always present if the
trunnions of a weapon are not level.

i. Boresighting—Boresighting is the process of
alining the on-carriage sighting and fire control
equipment so that the lines of sight of the
telescopes are paraliel to the axis of the bore of the
weapon. This is to insure accuracy in laying for
elevation and direction.

3-36. Panoramic Telescope M12A7S

a. The panoramic telescope M12A7S (fig 3-13)is
a 4-power, fixed-focus, fire control insirument
that may be used for either direct or indirect fire.

L RA B IS0

Figure 3-13. Panoramic telescope MI12A7S.
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Figure 3-14. Defiection change.

When used in its most common xole of indirect fire,
it allows the operator to apply a specified change
in direction (deflection) to the tube of the weapon
by changing the line of sight of the telescope the
same specified amount and then traversing back
on the fixed aiming point (fig 3-14). For example,
to change the direction of the tube 260 mils to the
right, the operator refers the line of sight of the
telescope 200 mils to the left of the fixed aiming
point and then traverses the tube until the line of
sight of the teleacope is back on the aiming points.
The tuhe is then pointed 200 mils right of its
original direction (fig 3-14). The pancramic
telescope MI12A7S has a slipping azimut! scale
and a slipping azimuth micrometer scale, which
allows all weapons of a battery to have a common
deflection regardless of the position of their fixed
aiming points.

b. The eievation knob, at tne top of the telescope
rotating head, raises or lowers the line of sight plus
or minus 300 mils when it is rotated throughout its
limits. A fine index and a coarseindex indicate the
level position. The cperator may adjusti the fine
index by loosening the three screws on the top of
the elevation knob and then slipping the collar
containing the 0 index into coincidence with the
fixed index. 'The coarse index is adjusted by
support unit personnel only. An open sight, on the
right side of the rotating head, i1s used for rough
alinement with an aiming point. The slipping

azimuth scale, immediately below the rotating - .-
head, consists of a ring graduated into 64 divisions ~

of 100 milg each and is numbered every 200 mils
from 0 to 3,200 in two consecutive semicircles. A
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-, the rotating head. When the scale is released, it
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slipping scale locking screw enables the operator
to secure or release the slipping azimuth scale from

may be set at any deflection; but, when itis locked,
its movement is controlled by the azimuth
micrometer knob. The nonslipping azimuth scale,
located below the slipping azimuth scale, can be
moved only by the azimuth micrometer knob and
the motion of the rotating head. A door covers the
nonslipping azimuth scale when it is not in use
and provides an index for the slipping azimuth
scale. The slipping azimuth micrometer scale on
the left side of the telescope, is graduated into 100
divisions of 1 mil each. A locking nut on the end of
the azimuth micrometer knob enables the operator
to release the slipping micrometer scale, setit ata
desired deflection reading, and lock the scale in
place. A leftindex (nonslipping) on the micrometer
end of the azimuth micrometer knob turns with the
micrometer knok., A right fixed index on the
telescope body does not move. At the time of the
modification of the telescope, the left index is
synchronized with the right fixed index and the
graduations on the nonslipping azimuth scale.
When the left index is opposite the right fixed
index, the azimuth scale index should coincide
with a graduation on the nonslipping azimuth
scale. If the three indexes do not . »incide, the
instrument should be turned in to the direct
support unit for repair. The movable azimuth

w& micrometer index on the inside of the siipping

azimuth micrometer scale is adjustable in relation
to a fixed scale graduated on the worm throuwout
lever and is used to apply special corrections.

¢. For boresighting with panoramic telescope
M12A7S, allindexes, including the left index, must
be at 0. Any adjustment to make th> line of sight
parallel to the tube must be made with the tangent,
screws on the telescope mount.

3-36. Telascupe Mount M21A1

a. The telescope mount M21A1 (fig 3-15) is
bracketed to the left sidc of the cradle. It is used in
conjunction with the panoramic telescope and
provides a means for laying the weapon in
direction,

b. Two tangent screws at the top of the telescope
mount socket keep the panoramic telescope ‘from
moving laterally. The two tangent screws are
locked in place by two tangent screw locking
screws. The panoramic ‘elescope is secured in the
gocket by a retaining shaft which is rotated by a
wing knob. Turning the upper part of the wing
knob toward the muzzle of the weapon allows the
telescope to be removed from the mount. A
longitudinal level, operated by the longitudinal
leveling knob, and a cross level, operated by a

m cross-leveling knob, are just below the sockfet. The
" azimuth compensating mechanism, including the

actuating arm, bearing, and pivots, provides a
means of transimiiting the motion of the tube to the

3-17
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telescope mount so that any deviation in direction
caused by elevating a canted weapon may be
corrected. By cross-leveling and longitudinally
leveling the telescope mount and traversing back
on the aiming point, the panoramic telescope
measures a true horizontal angle and the telescope
mount compensates for errors caused by the cant
of the weapon if that cant is not greater than 10°
(178 mils).

¢. For boresighting, the tangent screws are used
to adjust the 0—3200 line of sight of the panoramic
telescope parallel to the axis of the tube in direction
(deflection). (This action should not be performed
until the M21A1 telescope mount has been checked
to see that it is in coincidence with the tube at zero
elevation.) To adjust the 0—32001line of sight of the
telescope, Jook through the eyepiece, insert a
screwdriver in each tangent screw, and turn them
both in the same direction until the vertical
hairline in the reticle pattern is superimposed over
the aiming point.

3-37. Elbow Tolescope M16A1D and MountM23

a. The elbow telescope M16A 1D, mounted in the
telescope mount M23 (fig 3-15) on the right gide of
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Figure 3-16. Telescope mount M23 with elbow
telescope M16A1D.

the weapon, is a 3-power, fixed-focus instrument
used in the two-man, two-sight system for direct
fire.

b. A rubber eyeshield attached to the eyepiece
protects the operator when the weapon is fired. An
illumination window provides a means of
illuminating the reticle with the instrumen? light
M36. The reticle of the telescope has range lines
representing elevations for ranges from 0 to 2,200
vards. The zero range line is ieiiered "N” and
passes through the optical axis of the telescope.
The range graduations are based on the muzzle
velocity for the 105-mm high-explosive antitank
(HEAT)M67 ammunition, which is approximately
the same muzzle velocity as charge 6,
high-explosive (HE) ammaunition. A range
correction chart for the M16A1D elbow telescopeis
available for high-explosive plastic tracer
(HEP-T} M327 ammunition.

¢. For boresighting by the testing target or the
distant aiming point methods, the telescope may
be adiusted in elevation by lcosening the clamping
bolt on the mount housing and turning the
elevation worm with & screwdriver until the N
range line of the reticle coincides with the testing
target aiming diagram or the distant aiming point.
The reticle lines may be leveled by means of the
bracket rotating knob on the upper portion of the
telescope mount. The telescope may, therefore, be
adjusted for elevation and cant but not for
deflection.

3-38. Range Quadrant M4A1

c. The range quadrant M4A1l (fig 3-17),
mounted on the righ . side of the 105-mm howitzer
cradle, provides 8 means for laying the weapon for
elevation.

3-18

b. The elevation scale is graduated in 100-mil
increments from minus 100 to plus 1,200. The
elevation micrometer scale is graduated in 1-mil
increments from 0 to 100. One complete revolution
of the elevation micrometer scale causes the
elevation scale index to move one graduation (100
mils).

¢. The longitudinal-level bubble is moved by
any movement of the elevating handwheel of the
weapon or the elevation micrometer knob. The
cross-leveling worm knob controls the leveling of
the cross-leve! bubhle.

d. To overate the range qualrant, the
announced quadrant elevation i3 set on the
clevation and micrometer scales by turning the
elevation knob. The longitudinal-level bubble is
centered by turning the elevating handwheel of
the weapon, During the final cross- and
longitudinal-leveling, the range quadr *t moves
in a true vertical plane. It, therefore, n. asures a
true vertical angle, although the trunnions of the
weapon may be canted up to approximately 10°.

Note. Since the quadrant elevation determined
by the fire direction center includes site, the angle
of site scale and the angle of site micrometer cn the
range quadrant M4A1 are r.o longer used. They
should be "frozen” in place at 300.

BRACKET

LONGITUDINAL
LEVEL VIAL

ANGLE OF SITE ™
MICROMET R

CLAMPING COVER FOR BATTERY
SCREW COMPARTMENT

)
T CROSS LEVELING
WORM KNO3

RA PD 1076508

Figure 3-17. Range quadrant M{Al.
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3-39. Gunner’'s Quadrant M1A1

a. The gunner’'s quadrant (fig 3-18) is used on
the 105-mam howitzer primarily during sight tests
and adjustments; however, it may be used when
the runge quadrant is inoperative or, when
necessary, to split a milin elevation. The gunner's
quadrant will not measure a true vertical angle
when it is used on the breech ring of a canted
weapon.

\ . T
L

Figure 3-18. Gunner's quadrant M1Al

-3 LINE OF FIRE

b. The gunner’s quadrant consists of a frame
with a graduated arc, an index arm, a micromdater
knob and scale, a bubble, and reference surfaces.
The arc is graduated in 10-mil incremer. ... from 0
to 800 mils on one side and from 800 to 1,600 mils
on the other side. The teeth on the arc position the
index plunger at the 10-mil graduations. The
index micrometer scale is graduated in 0.2-mil
increments from G to 10 milr. One complete
revolution of the index micrometer raises or lowers
the bubble 10 mile. The index micrometer scale is
numbered with black figures. Two direction of fire
arrows indicate the manner in which the gunner’s
quadrant is placed on the quadrant seats.

Note. The gunner’s quadrant M1A1 differs from
the M1 in the following respects: the M1A1l is
provided with a micrometer mask to insure use of
the correct scale, it has an indicator on the index
arm, and the index mark on the micrometer is
numbered 10 rather than 0. It has all black figures.

¢. To test the gunner's quadrant for accuracy,
perform the following end-for-end test before
performing the sight tests and adjustments (figs
5-19, 3-20, and 3-21).

(1) Zero the scales of the gunner’'s guadrant
and place the gunner's quadrant on the quadrant
seats on the breech ring with the line-of-fire arrow
pointed toward the muzzle. Using the elevetion

A Tl el it il St SER g
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handwheel, center the bubble in the gunner's
quadrant by elevating or depressing the tube.

(2) Reverse the quadrant (end-for-end) on the
quadrant seats and check the bubble. If the bubble
centers, then the tube is level, the end-for-end test
18 complete, and the error in the gunner’s quadrant
18 0. However, if the bubble does not center, then
you must continue the end-for-end test and
determine the sign (+ or -) and the amount of error

in the gunner’s quadrant as described in (3) or (4)
below.

(3) If the bubble does nct center ({2) above),
turn the m:i:rometer knob and try to center the
bubble.

(a) If you can center the bubble by turning
the micrometer knob, read the black figures on the
micrometer scale and divide the reading by 2. Set
the results on the micrometer scale.

(b) Place the gunner’s guadrant back on the
quadrant seats with the arrow poinied toward the
muzzle and, using the elevating handwheel, level
the tube by centering the bubble.

(c) Reverse the gunner’'s quadrant
(end-for-end) on the quadrant seats. The bubble
should center. The reading on the gunner’s
quadrant is the amount of the positive (+) error in
the gunner’s quadrant, and the end-for-end testis
complete.

(4) If the bubble does not center ((3)(a) above),
mave the gunner’s quadrant arn:
graduation {10 miis),

(a) Turn the micrometer knob until the
bubble centers.

(b) Take the reading on the micrometer
scale, add 10 to it, and divide the sum by 2. Piace
the results on the micrometer scale.

Al\‘l—'“ nna
WY A2 Saadd

(c) With the arm of the gunner's quadrant
sct at minus 10 and the resalts in (b) above set on
the micrometer scale, place the gunner’s quadrant
back on the quadrant seats, with the arrow pointed
toward the muz:le, and, using the elevating
hand-wheel, level the tube by centering the bubble.

{d) Reverse the gunner’s quadrant
(end-for-end) on the quadrant seats. The bubble
should center. If the bubble centers, subtract the
reading on the micrometer scale from 10 to obtain
the error. This is known as the negative (~) error,
and the end-for-end test is complete.

Note. If an error (+ or -) has been determined
during the end-for-end test of the guuner’s
quadrant, it will be carried only during sight tests
and adjustments and will not be applied to
elevations in fire missions. HHowever, if the error ia
more than 0.4 mil, the gunner’'s quadrant raust be
sent to the support unit &t the earliest possible date
for correction and adjustment.
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Gunner's Quadrant Micrometer Test .
- 2
- \ S
M
!
4
?
- K
5
L ¢ y :
1. Set index at plus 10. « . the micrometer. 3. Place quadrant on breech :
A quadrant seats with line—of- |
: fire arrows pointing toward 1
muzzie.
1
]
5. Remnve the gunner’s quadrant 6. Set micrometer at 10. sl 4
arnd st imdac e N ‘ l
Qi OOTL 11IWOA OL W, :‘
§
\ _J
7. Replace quadrant on breech 8. if the bubble centers, the
quadrant seats with line—of- micrometer scale is in correct
fire arrows peinting toward the adjustment.
muzzle.
g 9. If bubbie does not center, the
- micrcmeter is in error. The
cuadrant should be turned in to
B support maintenance for repair.
:
i , Figure 3-19. Gunner’s Quadrant Micrometer Test. J
—~ ]
3-20 E
2
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Gunner’s Quadrant End-For-End Test
in tolerance +0.4 to -0.4 mils. Anything greater is not acceptabla.

~ W - , T
,44// 3 -@
0_
e | 3
0
L 4 - :

1. Inspect breech quadrant seats 2. Inspect quadrant shoes for 3. Zero the scales.
(1) for nicks and dirt. nicks and dirt.

L— /(*'\ L

4. Point line-of-fire arrow on 5. Depress/elevate tube to center 6. Reverse direction of quadrant.

S quadrant toward muzzle. bubble.
s [ POSITIVE CORRECTION )
[ IF BUBBLE CENTERS, r \
TEST IS COMPLETE.

7. Bubble shruld center. If bubble 8. Center bubble with micrometer 9. Divide micrometer teading by 2.
does nc  .nter, go to step 8. knob. If bubble centsrs, go to This is your trial correction.
step 9. If not, go to step 16.

10. Put result on micrometer 11. Place on breech quadrant 12. Depress/elevate tube to
£%E scale. seats and point quadrant at center bubble.
A muzzie.

Figure 3-20. Gunner's Quadrant End-For-End Test.

3-21
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13. Raverse direction ofquadrant.

[NEGATIVE CORRECTION

L_‘ |
Lo A@éy

16. Remove gunner’'s quadrant;
set index a* minus 10by using
the high angle side (16C0).

B8.99 |

| j

19. Divide answer in step 18 by 2;
this is your trial correction.

22. Depress/elevawe tube to
center bubble.

APRAARL S Mat sasmt vl et Al ol It SR N

Gurnnoer's Quadrant End-For-End Tast—Continued

o

14. If bubble centers, go to step
15. f not, goback to step 1 and
start over.

17. Place quadrant on seats
facing breech end of the
weapon. Center bubble with
micrometer knob.

1
TTTHTIED
bl ¥ L. J

20. Place findings from 19 on
micrometer scale.

23. Reverse direction of quadrant.

Ve

26. Subtract micrometer reading
from 10.0 since this is u neg-
ative correction (step 16), a
minus sign must be placed in
front of the correction factor

KT
T ST R P ST

-

’: (-0.2).

Figure 3-21.
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24. Bubble should center. If

Gunner's Quadrant End-For-End Test.

o

-

15. Record end-for-end correc- .
tion. :

. B

9.8 ,‘{

]

18. Add micrometer reading to ]
10.0. »

o
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bubble does not center, go
back to step 16.

- ———

N

26. Record end-for-end correc- <%
tion. S
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3-40. Care and Maintenancs of Sighting and
Laying Equipment

a. General care.
(1) Avoid rough handling of the equipment.

(2) Limit disassembly to theex :nt authorized
in the field manual or technical manual pertaining
to a particular weapon.

(3) Keep the equipment dry; never put the
equipment in carrying cases when it is damp or
wet.

(4 When notin use, keep the equipmentin the
carrying cases.

(6) Send any instrument not performing
properly to the direct support unit for repair.

(6) Never paint any ¢ the equipment.

(7) Depress fully all \hrowout levers, when
used.

(8) Before assembly, remove all dust and grit
from the contact surfaces.

(9) Wipe off all excess lubricant to prevent the
accumulation of dust and grit. '

b. Telescopes and sight mounts.

(1) Remove dust or grit with a clean
camel's~-hair brush or lens tissue paper.

(2) Use oil, lubricating, light, on the sight
mount M23; oil through the hoie on top of the
housing.

Section VI.

3-41. General

The accuracy of artillery weapons depends, to a
great extent, on the adjustment of the sighting and
laying equipment and its relation to the axis of the
bore of the weapon. There are certain tests and
adjustments that are performcd to insure that the
proper relation exists between the sighting and
laying equipment and the axis of the tube of the
weapon.

3-42. Leveling the Trunnions

a. To level tF trunnions, suspend a plumbline
in front of tlie muzzle of the tube. Insert a
boresighting disk in the breech end of the tube and
affix crosshairs on the muzzle end. Aline the
vertical hair on the muzzle of the tube and the
plumbline. (The plumbline shouid be at least 9 feet
long.) Elevate and depress the tube and check to
see that the vertical hair tracks and the plumbline
throughout its length. [fit does not, raise oneof the
trails until the vertical hair on the muzzle does
track the plumbline. When the trunnions are level,
the raised trail should oe blocked to make it solid.

- -
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(3) Use oil, Inbricati ag, preservative, special,
on the felt washers, on the range quadrant and
telescope mount, and on exposed bearing surfaces
of the sight and sight mount.

(4) Remove oil or grease from rubber eyeshield
immediately.

(5 Keep the level vials covered when not in
use.

(6) Do not attempt t~ force a mechanism
beyond its stop.

(7) Have the equipment lubricated
periodically by the direct support unit personnel.

¢. Gunner's quadrant.

(1) Do not burr, dent, or nick reference
surfaces or the notched portion of frame.

(2) Clean the arc frequently with a small
brush or with a brush and drycleaning solvent.

(3) Never leave the gunner’'s quadrant on the
weapon during firing.

d. Coated optical elements. The optics of some
instruments are coated with a reflection-reducing
film of magnesium fluoride. Rub coated optics as
little as possible, If such a coating is partly
removed, do not rernove the remainder of the
coating, since any left will help make the sight
clearer.

SIGHT TESTS AND ADJUSTMENTS

b. lf it is not possible to suspend a plumbline of
suitable length for leveling the trunnions, they
may be approximately leveled in either of the
following ways, listed in order of preference:

(1) Place a tested gunner’s quadrant set on 0
in the breech recess parallel to the trunnions. Raise
one trail until the bubble on the gunner’s quadrant
18 centered.

(2) Match the white scribed lines on the
telescope mount (scribed after fire control
alinement test) and raise one trail until the
telescope mount cross-level bubble is centered.

3-43. Fire Controi Alinement Tests

Fire control alinement tests are performed by the
section under the supervision of the battery
executive. Thesc tests are performed at the
discretion of the unit commander. Suggesied times
for performance are once each year if the gun is
used only for nonfiring training; once every 3
months if the gun is fired; as soon as possible after
extensive use, accidents, or traversing extremely
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rough terrain; and wh-n the gun fires inaccurately
for no reudily apparent reasoun. The tests reveal
whether or not the on-carriage sighting
equipment and certain oft-carriage sighting
equipment are in correct adjustment.

3-44. Test of Range Quadrant
a. Cross-level tests.

(1) With the gun and carriage level (axis of
bore and axis of trunnions), center the cross-level
bubble.

(2) Turn the elevation knob throughout its
limits of motion.

(3) The cross-level bubble should remain
centered to within one-half vial graduation. If the
bubble does not remain centered, the level vial is
incorrectly alined, and the weapon should be sent
to the direct support unit for adjustment.

b. Pivot azimuth alinement test.

(1) Place the breech and muzzle boresights in
their proper positions in the tube.

(2) Center the previously tested cross-levei
bubble.

(3) Elevate and depress the tube and check to
see that the boresights track a plumbline placed in
front of the tube; at the same time, watch the
cross-level bubble.

(4) The bubble should remain centered to
within one-half vial graduation.

(5) If the bubble moves off center more than
one-half vial gradusticn, the pivot is not alined in
azimuth with the tube, and the weapon shouid be
sent to the direct support unit for adjustment.

¢. Pivot vertical alinement test.

(1) Level the tube by using a previcusly tested
gunner’s quadrant,

(2) Center the longitudinal-leve! bubble by
turning the elevation knob.

(3) Operate the cross-leveling knob
throughout the limits of the motion; the
longitudinal-level bubble should remain centered.

(4) If the bubble moves oif center more than
one-half vial graduation, cither the pivot is not
alined vertically with the tube or the level vial is
not correctly alined, the weapon sheuld be sent to
the direct support unit for adjustment.

d. Comparison iest.

. ) Compare the readings indicated by the
gunnui’s quadrant with those on the elevation
quadrant at low medium, and high elevations of
the tube.

(2) If the two instruments do not agree at all
elevations, the weapon should be sent to the direct
support unit for adjustment.
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3-46. Test of Azimuth Compensating Mechanism
of Panoramic Telescope Mount

The purpose of testing the azimuth
compensating mechanism of the telescope mount
is to determine whether it actually keeps the tube
in the correct vertical plane at all elevations. One
of the tests listed below, in order of preference,
shonld be performed.

a. Test wherein trunnions need not be level—
plumbline required. By using a plumbline as a
vertical reference plane, the test below reveals the
total amount of error that exists between the center
of the reticle pattern and the direction in whith the
tube points. Steps are as follows:

(1) With the boresights in place and the tube
near zero elevation, traverse the tube so that the
line of sight through it is on the plumbline.

(2) With the sight mount leveled, move only
the sight and refer to a distant : harply defined
aiming point (in any direction). Use the elevation
knob of the sight to bring the horizontal reticle to
the aiming point.

(3) Elevate the tube to maximum elevation or
to the top of the plumbline. Traverse the tube, if
necessary, to bring the line of sight through it back
to the plumbline.

(4) Level the panoramic telescope mount both
laterally and longitudinally.

(5) Sight through the telescope to detexmine

(6) If the sight is off the aiming pointin excess
of 1 mil in deflection and/or one-half vial
graduation in elevation, the weapon should be sent
to the divect support unit for adjustment.

b. Test with trunnions level. The test below with
trurnions and tube leveled for control indicates
whether errors exist in the actuating arm pivot
and/or level vials. Leveling may be performed by a
plumbline check or by cross-leveling with the
gunner’'s quadrant on the breech ring. If
cross-leveling is accomplished with the gunner’s
quadrant on the breech ring, the results of the test
are accurate only to the extent of the parallel
relationship of the trunnions to the top surface of
the breech ring. The tests are as follows:

(1) Cross-level test of telescope mount. The
telescope mount cross-level bubble must be in
proper adjustment before the test of the azimuth
compensating mechanism is comnpleted.

{a) Center the cross-level bubble and place
the line of sight of the panoramic telescope on a
sharply defined aiming peint.

(b) Elevate the tube to maximum elevation
while keeping the telescope mount level
longitudinally.
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Note. Do not readjust the cross-level bubble
after the initial setting.

(¢} The line of sight must not deviate from
the target by more than I mil at any elevation
checked and the cross-level bubble must not travel
more than one-half vial graduntion. If the amount
of deviation excecds the tolerance, the level vial or
pivot is incorrectly alined, and the weapon must be
sent to the direct support unit for adjustment.

(2) Vertical alir.ement test of lelescope mount.

(a) Level the tube longitudinally with the
gunner’s quadrant.

(b) Center the longitudinal-level bubble.

(c) Operate the cross-leveling knob
throughout the limits of motion; the
longitudinal-level bubble should remain centered
within one-half vial graduation. If the bubble
moves in excess of the tolerance, either the level
vial or the actuating arm pivot is not alined
correctly, and the weapon shonld be sent to the
direct support unit for adjustment.

3-46. Boresighting

Boresighting is the process of alining the
on-carriage sighting and fire control equipment so
that the lines of sight of the telescopes are parallel
to the axis of the bore of the weapon. The purpose
of boresighting 18 to properly adjust the line of
sight of the sighting and fire control equipment in
relation to the axis of the bore of the weapon in
order to obtain accurate fire, Vibration,
temperature changes, shock, and other factors
tend to alter the adjustment after it has been made.
Therefore, boresighting should be performed us
frequently as possible—-before firing and, when
necessary, during lulls in fiving.

3-47. Methods o7 Boresighting

In order of preference, the two general methods
of boresighting are the distant aiming point and
the test target method. The standard angle can be
used in an emergency . i check boresighting.

3-48. Preparation for Boresighting

a. Regardless of the method used, the tube
should be near the center of its traverse and
pointed in the general direction of the distant
aiming point or testing target.

b. Accurte cross-leveling of the trunnions is
unnecessary for boresighting on a distant aiming
point; howover, trunnions should be as level as
possible.

¢. The breech and muzzle boresights must be in
their proper positions.

hheaid
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d. All instruments and mounts must be
positioned securely without free play.

3 49. Testing Target Method of Borasighting

To boresight, using the testing target method,
follow the nine steps as outlined in a through {
below.

a. Level the trunnions. 'The trunnions are
leveled as prescribed in paragraph 3-43.

h. Zero the tube, 1evel the tube (set to zero
elevation) by performing the end-for-end test with
the gunner's quadrant. When the tube is zeroed, it
s not to be moved during the rest of the
boresighting procedures.

c. Level the cross-level and longitudinal-level
bubbles. 1evel both bubbles on the panoramic
telescope mount.

d. Zero the scales. Set all 10 scales to 0 and aline

all indexes on the panoramic telescope and mount
M21A1.

e. Level the cross-level and longitudinal-level
bubbles. Level both bubbles on the range
quadran!.

[. Zerothe scales. Set the elevation scale to 0 and
the elevation micrometer on 0. If the arrow on the
elevation scale does not read 0, loosen the two
screws on the plate and slip the arrow until it does
read 0, then tighten the screws. If the micromeier
scale does not read (, loosen the three screwson the
knob and slip the scale to 0, and tighten the three
screws on the knob.

g. Adjust testing target to tube. Place the testing
target (fig 3-22) 50 to 100 meters in front of the
howitzer tube, and position the testing target so
that the base diagram is alined with the boresights
without moving the tube. The testing target must
‘be placed on a stand and held firmly in place
during boresighting.

h. Adjust the panoramic telescope to the testing
target. The vertical and horizontal cross-hairs of
the vanoramic telescope are adjusted to the testing
targel as follows:

(1) While looking through the panoramic
telescope, adjust the vertical line of the reticle
pattern to the aiming diagram of the testing target
by turning the tangent screws on the mount. The
weapon is boresighted for deflection (azimuth)
when the vertical line of the panoramic telescope
coincides with the vertical center of the airming
diagram.
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(2) While looking through the panoramic
telescope, ndjust the horizontal line of the reticle
pattern to the aiming diagram of the testing target
by turning the elevation micrometer knob so that
the horizontal crosshair of the reticle of the
panoramic telescope 18 alined on the horizental
line of the aiming diagram of the testing target.
The elevation micrometer scalc should read 0. If it
does not, loosen the three screws on the knob, hold
the knob #nd slip the scale tu 9, and tighten the
three screws. The panoramic telescope is
boresighted for elevation.

Note. Check to insure that the bubbles are still
centered, the scales are at 0, all indexes are alined,
and the alinement of th. telescope mount and tube
has not been disturbed.

i. Adinst the elbow telescope. Place the elbow
telescope into the M23 telescope mount and adjust
the telescope as follows:

(1) Adjust the N range line of the reticle in the
elbow telescope so that it cvincides with the
horizontal line of the ainiing diagram of the
testing target (see paragraph 38¢).

Figure 3-22. Testing targe? with stand.
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(2) If the reticle is canted, the reticle lines may
be leveled by means of the bracket rotosting kriob
on the upper portion of <he . jescope mount. The
elbow telescope may be adjusted for elevation and
cant but not for deflection. The elbow teleacope is
now boresighted for direct dre.

Note. A weapon will be properly boresighied
only when the following conditions exist: The
trunnions are level (or as levei as possible), the
tube is level, all bubbles are centered, all scales
read {0, all mounts are in coincidence with the tube,
the 0—-3200 line of sight of the panoramic telescope
is parallel to the mechanical axis of the tube, both
in elevation and deflection, the line of sight of the
elbow telescope is parallel to the mechanical axis
of the tube in cant and elevation, and the mounts
and instruments are securely attached with
neither bind nor play in the equipment.

3-50. Distant Aiming Point Mathod of
Borasighting

A distant aiming poeint may be used in
boresighting if a testing target is unavailable or if
the tactical situation i1s such that the use of a
testing target is impractical. The aiming point
selected should be a sharply defined point at least
1,560 meters from the howitzer and as near to the
zero elevation of the howitzer as possible. All steps
prescribed for the testing target method of
boresighting apply to the distant aiming point
method of boresighting as pertains to checking the
mounts against the tube at 0 elevation; the
exception is that the boresights of the tube and the
optical sights of the t«lsrcopes are alined on the
‘sume distant aiming pairi, sifter the mounts have
been checked against ihe tube, (see fig 3-23)
instead of on separate aiming dingrams. Accurate
cross-leveling of the trunnions is unnecessary for
boresighting on a distant aiming point, however,
the trunnions should be as level as possible.

3-51. Standard Angle Check of Boresighting

a. General. When posiaons are occupied in
combat, the necessity for speed in opening fire or
the necessity for observing camouflage discipline
may make the boresighting methods previously
described impracticable. Under such
circumstances, the alirement of the optical axis of
the panoramic telescope parallel to the axis of the
bore may be checked by referrirg tc a relccted
point on the muzzle. The deection and elevation
angles necessury to refer the line of sight of the
telescope to the selected point on the muzzl~ are
refecred to as the standard angles. During the fire
control alinement tests, when the panoramic
telescope is in correct elinement. is an ideal t'me to
establish the standard angles for later use. When
they have been determined, they may be used for a
quick check of the alinement of the panoramic
telescope when more precise inethods cannot be
used. Misalinement discovered as a result of this
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check should be verifiel by a moi. accurate
method at the earliest opportunity. When using the

- standard angle check of boresighting, be sure that

. the position of the recoiling parts with respect to
the nonrecoiling parts is the rame as it vas when
. the etandard angles were determined. Aiso, check
the recoil mrchanism to see that it contains the
proper amount of recoil oil before determining the
standard angle.

b. Preliminary operations. The procedure fo:
establiehing stand ard angles is as follows:

(1) With the tube in battery, scribe linee in the
paint to mark the position of parts that move in
recoil with respect to parts *hat do not move in
recoil (recoi! cleigh and cradle).

(2) Carefully level the trunnions.

(3) Boresight the gun with a testing target.

_(4) With adhesive tape, fasten a ronmon pin
in the left hoiizontal witness maik. .low the pin
to project to the left of the muzzle.

(6) Fasten a telescope parallax shield in place
over the eyopiece.

(6) Verify that the elevation index and the
micrometer on the telescope are at 0.

(7) Using the azimuth micrometer knoh and
the longitudinal levcling knob, move the line of
sight of the panormaic telescope down and to the
right until the intersection of the reticle in the
panoramic telescope is on the pin where it extends
from the muzzle. (Do not use the panoramic
telescope elevation knob.)
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Figure 3-23. Distant aiming point boresight pictures, using a lone tree.
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(8) Read the value on the azimuth and
azimuth micrometer scales to the neavest 1 'mil.
Elevate the tube until the bubble in the
longitudinal leveling vial centers. Read the
elevation of the tube to thz nearest 1 mil with the
range quadrant. Record these two values on the
ingide of the panoramic telescope case,

(9) With a knife blade or other sharp metal
point, scribe lines in the paint on the following
parts:

(a) Straight across the junction of the
cross-leveling segment and the cross-leveling
worm housing of the panoramic telescope mount.

(b} Straight across the junction of the
cross-leveling worm housing and the
cross-leveling worm knob shaft.

(¢) Straight across the junction of the rocker
and the actuating arm.

(d) Straigh’ across the junction of the
longitudinal leve: .ag knob shaft and the bracket.

(10) Fill the scribed lines with red paint and
wipe off the excess.

¢. Procedure for checking in the field. After the
standard angles huve been determined, the steps
in performing the standard angle check of
boresighting are as follows:

(1) Verify that the parts that move in recoil
are in the same position with respect to the
nonrecoiling parts as they were when the standard
angles were determined.

3-52. Ma'functions

When a weapon fails to fire, all personnel
coencerned must follow specific procedures,
depending on the type of wes on being fired and
the condition of the tube wiot or ccld). The
executive officer must know the misfire proce lures
and must apply them in case of a misfirein order to
afford maximum safety in the firing battery.
Malfunctions in the firing of artillery ammunition,
such as misfires, hangfires, and cockoffs, are
defined and diecussed in a through ¢ below. When
authorized and properly maintained ammunition
is fired from properly maintained and operatad
weapons, these malfunctions rarely occur. In order
to aveoid injury to personnel and damage to
equipment, &ll personnel concerned must
understand the nature of each malfunction an.
the proper preventive and corrective procedures.

a. Misfire. A misfire is a complete failure to fire.
It may be caused by a faulty firing mechanismor a
faulty element in the propelling charge explosive
train. A misfire, in itself, is not dangercus;

ERA RS

(2) Using the range quadrant or gunaer’s
quadrant, elevate the tube to the standard
clevatior angle.

(3) Fasten a telescope parallax shizld in place |

over the eyepiece.

(4) Place the panoramic telescope in its
mount. Make sure that the red scribed lines are in
coincidence and set off the standard azimuth
angle on the panoramic telescope.

(5) Place a pin in the left wit.1ess mark.

(6) If the vertical line of the reticle is not
exactly on the junction of the pin and the muzzle,
adjust the tangent screws until the vertical line of
the reticle is properly alined. If the horizontal line
of the reticle is not exactly on the junction of the
pin and the muzzle, turn the eleveting knob of the
panoramic telescope until it is properly alined.
Adjust the zero of the elevation knob acale so that
it is in alinement with the index.

Note. If an error in boresighting is discovered
by the standard angle check, then the weapon
should be boresighted by a more accurate method
at the first opportunity, to include establishing
new standard angles, if appropriate. All of the
methods of boresighting described in this section
are described in detail in chapter 5 of FM 6-75 with
appropriate pictures and drawings.

however, since it cannot he immediately
distinguished from a delay in the funciioning of
the firing mechanism or from a hangfire (b below),
it should be considered as a delayed firing until
such possibility has been eliminated. Such delay
in the functioning of the firing mechenism, for
example, could result from the presence of foreign
matter (such as grit, sand, frost, ice, or improper or
excessive oil or grease), which might create,
initially, a partial mechanical restraint. This
restraint, after some indeterminate delay, is
overcome as a result of the continued force applied
by the spring and the firing pin is then driven into
the priiner in the normal manner.

b. Hangfire. A hangfire is a delay in the
functioning of the propelling charge explosive
train at the time of firing. In most cases, thedelay,
though unpredictable, rangee from a split second
to several minutes. "Thus, a hangfire cannot be

=S

distinguished immediately from a miafire (a .z%,

above) and therein lies the principal danger—that -

of assuming that a failure of the weapon to fire
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immediately upon actuation of the firing
mechanism is a misfire whereas in fact it may
prove to be a hangfive. Itis for thisreason that time
intervals are preacribed and should be observed
before the breech is opened after a failure to fire.

CAUTION: During the prescribed time
intervals, the weapon will be kept trained on the
target and all personnel will stanc clear of the
muzzle and the path of recoil.

c. Cookoff. A cookoff is a functioning of any or
all of the explosive components of a round
chambered in a very hot weapon due to heat from
the weapen. The primer and propelling charge, in
that order, are generally more likely to cookoff
than the projectile: or the fuze. If the primer or the
propelling charge should cookoff, the projectile
could be propelled (fired) from the weapon with
normal velocity even though no attempt was made
to fire the primer by actuating the firing
mechanism. In such a case, although there may be
uncertainty about whether or when the round will
fire, the precautions to be observed are thesame as
those prescribed for a hangfire. However, should
the bursting charge explosive train cookoff, injury
to persennel and destruction of the weapon could
result. To prevent heating to the point at which a
cookoff may occur, a round of ammunition that
has been loaded into & very hot weapon should be
fired or removed within 5 minutes.

3-63. Procedures After Feilurs to Fire—Coid Tube

After the howitzer fails to fire, actuate the firing
mechanism two more times in an attempt to fire
the piece. If the weapon still fails to fire, the chief of
section reports to the executive officer MISFIRE
NUMBER (s80o-and-so). The chief of section then
waits 2 minutes from the last attempt to fire before
he opens the breech, removes the cartridge case,
and inspects the primer to sceifithasbeen dented.
If the primer is not dented, the firing inechanism
should be repaired. If the primer is dented, he
replaces the cartridge case with a new one and
fires the weapon. If the exrcutive officer does not
wish to fire the round after the 2-minute waiting
period, the projectife must then be removed from
the tube. Using the bell rammer to avoid damaging
the fuze, the cannoneer pushes the round out the
rras of the tube. The breechblock =%~uld be closed
and rags should be stuffed into the powder
chamber to cushion the shock of the projectile. A
common cauee of misfire with a 105-mm howitzer
is that the breechblock is not fully closed. This will

3-29

cause the firing pin to miss the primer. Broken or
bent firing pins will cause misfires, as will wet
powder or a faulty primer.

3-64. Loading Precautions

When a hot tube condition exists, specific
loading procedures should be followed. The
executive officer is responsible for determining
whether a hot tube condition exists. In making his
decision, he takes into account such things as
ambient temperature, rate of fire, amount of
ammunition fired, and charge fired. Applicable
general loading considerations are as follows:

a. Do not chamber a round vntil immediately
prior to firing.
b. A chambered round in a hot tube should be

fired or removed from the piece within 5 minutes of
chambering.

¢. Ifaroundisin ahottube more than 5 minutes
and a misfire i not involved—

(1) Remove the cartridge case immediately.
(2) Evacuate all personnel to a safe distance.
(3) Keep the weapon laid on safe data.

(4) Request assistance from explosive
ordnance demolition (EOD) personnel. Release the
weapon to ordnance if required.

3-56. Procedures After Failure to Fire—Hot Tube

After the howitzer fails to fire, actuate the firing
mechanism two more times in an attempt to fire
the weapon. If the weapon still fails to fire, the
chief of sectin reports to the executive officer
MISFIRE NUMBER (so-and-so). The chief of
section waits 2 minutes from the last attemnt to
fire before he opens the breech, removes the
cartridge case, and inspects to see if the primer is
dented. If the primer is not dented, the firing
mechanism should be repaired. If the primer is
dented, he replaces the canister with a new one and
fires the weapon. The above procedures : 1ust be
accompiished within 5 minutes after loading; if the
weapon can not be fired or unloaded within 5
minutes the following procedures are followed:

a. Evacuate all personnel to a ssfe distance.
b. Keep the weapon laid on safe data.

¢. Request assistance from explosive ordnance
disposal. Release the wcapon to ordnance if
required.
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Section VII.

3-86. Review

The four major components of the 105-mm
howitzer M101Al are the carriage, barrel and
breech assemblies, recoil mechanism, and
sighting and laying equipment. In order for the
weapon to function properly and deliver accurate
fire, each component must be kept in proper

3-30

SUMMARY

working condition. It has been the purpose of this
chapter to give a general insight into the
characteristica, nomenclature, functioning, and
maintenance of the major components of the
weapon. For more detailed information, see FM
6-75, TM 9-1015-203-12, and LO 9-1015-203-10.
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Weapons Department
Fort Sill, Oklahoma

CHAPTER 4
106-MM HOWITZER, LIGHT, M102, TOWED

Saction {.

4-1. Roferences

FM6-70, TM 9-1015-234-12, TM 9-1015-234-10,
and LO 9-1015-234-10.

4-2. Introduction

a. The 105-mm howitzer M102 is a lightweight
towed weapon, which has a very low silhoueite
when in the firing position. It can be sirlifted,
dropped by parachute, or tovred into pesifion.

Soction H.

4-3. Dascription

. General. The carriage consists of & welded
aluminum box trail and cradle. The single box txail
is shaped like a wishbone and its fzatures provide
mobility, siability, flexibiiity, and storage space.

1102  d s

(1) Mobility. Om the rotaiable drawbar (No.
22, fig 4-1) at the rear of the box trail is a lunette
(No. 20, fig 4-1) that is mated with the pintle of the
prime mover when the weapon is to be towed,
When the weapon is towed by the MBfl Gema
Goat,with fixed towing pinde] the drawbar i
locked in the down position and the locking plate
underneath the lunette is positioned to aliow free
movement of the lunette. When the 102 is to be
towed by a 2%-ton truck, the drawbar should be
placed in the up pesitien because of the higher
towing pintle. Two helicopter Lifting brackets (No.
15 are located on the top of trail forweard of the
section chest. When the howitzer is to bhe
transported by a CH-47 helicopter, slings ave
attached to these brackets and to the bracket
located on the front yoke of the recoil sleigh (No. 6).

(2) Stability. The roller tive provides one of ¢he
two points of contact with the ground during
firing. The firing platform is affixed to the carriage
and provides the other point of contact with the
ground and transmits mos? of the shock of fiving to
the ground.

*Supersedes HB-4 WCXEXWS, Dec 81.

GENEHRA.

b. The Mi02 howitzer fires the same types of
aromunition as the MiI01Al howitzer and at
charge 7 will fire & round 11,500 meters, or 500
meters further they the M101A1. A roller tire (No.
19, figure 4-1) atinched to the trail assembly (No.
26, figure 4-1) of the M102 permits the weapon to be
rotated €,400 mils around a firing platform (No. 14,
figure 4-1), which provides the pivot point for the
weapon. The wenpon can be elevated from -89 mils
(-5°) to & muximum of 1,333 mils (75°).

CARRIAGE

4.1

(3) Flexibility. Trail lifting handles (No. 18)
are presently located on the sides of the trail to
enable cannoneers to lift the trail and pivot the
weapon for large shifts in azimuth. Problems

encountered with these handles are discussed in

¢(2) below.

() Storage space. The sight siorage box (No.
24) is located at the rear of the trail over the roller
tire and it is used to store the M113 panoramic
telescope and M114 elbow telescope during travel.
In the firing position, when the panoramic
telescope ia mounted to the M134 mount, the
telescope mount cover is stored in the sighti storage
box. When the storage box is closed, an airtight
seal is achieved by latching the four outer latches.
Before the sight storage box is unlsatched, the cuter
vent should be depressed, since variations in
ambient temperature will cause the internal
;,)r\essme to vary. The on-carriage section chest
(No. 25) is located in the crossmember of the box
trail. A lip around the upper edge of the chest
deters waver seepage, and drainage holeg in the
floor of the chest allow proper drainage. The chest
ia designe:l to hold section equipment such as the
firing platform stakes, actuator cxank, and sledge
haynmer, Brackets for three rammer staff sections
are located on the side of the trail. The fourth
rammer staff section (alse used as a stake
extractor) is stowed to the rear of the traversing
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M102 HOWITZER- RIGHT REAR VIEW [TRAVEL POSITION)

1—Panoramic telescope M113
2—Telescope mount M134
3—Breechblack and firing mechanism
4—pBresch machanism handle
5—Recuperator cylinder
6-—Lifting bracket (front)
7—Cannon tube
8—Recoil length indicator
9—Cradia essembly
10—Eibow teiescope viii14
11—Rali-screw and equilibrator assembly
12—Fire control quadrant M14
13—Eievating handwhaeel

Figure 4-1.

handwheel. On some weapons, aiming posts
brackets (No. 17) are located to the rear of the
elevation handwheel (No. 13). When brackets are
not located on the weapon, the aiming posts are
carried in the primer mover. The brackets for the
night lighting devices are on the side of the trail
beneath the sights.

b. T il and brackets assembly. The trail and
brackets assembly consists of a pair of trunnion
brackets ihat are secured to the top front corners of
the box trail by capecrews.

c. Maintenance problem areas. There are two
potential mairitenance problem areas, on the M102
wishbone trail (fig 4-3).

(1) The first area involves cracks that have
developed in the trail welds. Investigation into this
area has shown that these cracks develop

el B & sl i 5 - PR P Y

14—Firing platform

15—Lanyard assembly

16—Lifting bracket (rear)

17—Aiming post M1A2 w/brackets
18—Trail lifting handie

19—Roller tire

20—Lunette

21—Piece, drawbar bracket (lunette lock plate)
22—Drawhar hracket

23—Quick-reiease pin (drawbar bracket)
24—Sight storage box

25—Section ches!

26—8Box trail ass mbly

M102, rear view.

4-2

primarily in and around the on-carriage section
chest and the actuator access opening. These
cracks are not in the structural part of the trail and
are not serious. However, the section box is being
reinforced during rebuild te reduce the
deterioration. Armament Command field
maintenance technicians have been made aware
of special welding procedures to repair the
actuator access opening cracks.

(2) The second area involves the trail lifting
handles, which are being damaged when the
howitzer is towed with the M561 Gama Geoat. To
resolve the problem, Armament Command
engineers have designed a special p-irpose kit that
relocates the lifting handles in the howitzers of
those units equipped with the Gama Goat.

{a) Any unit using the Gama Goat for
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M102 HOWITZER- LEFT FRONT VIEW (FIRING POSITION) E
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1—Indicator rod (racoil oil) 7—Actuator controi

2—Rail and link assembly {variable recoil mech) 8-—Parking brake assembly
3—Cam (variab'e recoil mech) 9—Travel lock

4—Rammer staff brackets 10—Recoil rod and locking nut
t—Traversing handwneei i 1—Hecoil mechanism raiis
6—Buffer assumbly

Figure 4-2. M102, front view.
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towing the M102 can have the kit installed by its
direct support unit.

(b) Until the kit is installed personnel
rhould exercise caution when towing the M102,
They should avoid making sharp turns as this is
when the handles are damaged by the Gama Goat.

4-4. Suspension Assembly

b. Problem area. A problem area involving the
M102 suspension system is that of reported
failures of the wheel bearings during highway
towing operations.

(1) Engineers have conducted tests of the
M102 wheel bearings and report that the bearings
are adequate for the system. Indications are that
units reporting uie wheel bearing problem have

R

PR TR

a. Components. The components of the not properly lubricated or installed the bearings -
suspension are a pair of spindle brake and wheel during servicing. The user’'s manual, TM A
assemblies, an actuator, and a pair of support 9-1015-254-12, prescribes step-by-step -
assemblies. The mechanical actuator provides the procedures for servicing the wheel bearings. T
means for raising and lowering the wheels. The %) Th heel beari b ced ’1
spindle, brake, and wheel assemblies of the M102 ( )ll e whee _ﬁn(;ngs m}:xst e SB:m’f‘M
howitzer are the same as the lightweight gﬁ%‘;;%‘iafz p,Il:}‘iscn ed 1n change O L0 35
(magnesium) wheels and hand-operated parking h -12. The maximum towing s;lyeed_ls )
brakes of the Y-ton truck M151. On impsved mph (or 45 mph if GPG aircraft bearing lubricant
gurfaces, the tire pressure should be maintained at is used) for the M102 on paved roads. Also, you A

40 pounds per square inch (psi); on rough terrain,
the pressure should be 22 psi. A tire tread depth of
Y-inch is considered serviceable. The wheel
bearing must be removed, cleaned, and packed
annually, after driving extended distances in
sandy terrain, or after fording hub-deep water.
The brakes should be adjusted in accordance with
the guidelines presented in the user's manual, TM
9-1015-234-12,

must redve the service interval specified on the
lubrication order to compensate for abnormal or
cxtreme conditions, such as high or low
temperatures, prolonged periods of travel,’
continued use in sand or dust, immersion in water,
or exposure to moisture. Any one of these
conditions may cause contamination and quickly
destroy the protective properties of the wheel
bearing lubricant.

1—Brakes
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4—Roller support assembly
5—Wheel, tire and hub assembly

2—Actuator control mechanism
3—Suspension locks

Figure 4-4. Suspension assembly.
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4-8. Firing Platform

a. Description. The front end of the carriage is
supported by an aluminum platform (fig 4-5) that
ie located between the carriage wheels and must be
staked to the ground prior to firing operations for
stability in the firing position. The carriage is
supported on the firing platform by a pivot and
socket and four stabilizing devices that ride on the
firing platform stiffering ring to permit a full 6,400
mil traverse. The firing platform is an

Figure 4-5. Firing platform.

octagon-~shaped, welded aluminum structure that
serves as a supporting base for the weapon during
firing. A socket for receiving the box trail pivot is
located in the center of the firing platform, about
which the weapor: is traversed. This arrangement
permits the base to accommodate itself to varying
angles between the ground and weapon. A hole is
provided at each of the eight corners for staking
purposes. The stiffening ring provides the bearing
surface which the leveler assembly, roller support,
and buffer assembly bear upon. These components
are listed in (6) through (8) below:

- (1) Leveler assembly. A spring-loaded leveler
assembly hag been added to the box trail directly
behind the carriage pivot. The leveler assembly
roller bears upon the platform stiffening ring and
holds the plaiform in a horizontal position during
travel (fig 4-86).

(2) Supports. Two supports are mounted to the
underside of the box trail on each side of the pivot.
The four rollers of these supports bear upon the
stiffening ring of the firing platform (fig 4-7). The
roller gupport on the assistant gunner's side is
spring loaded to compenaate for the torque created
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Figure 4-6. Leveler assembly.

by the increasing right-hand twist of the round
leaving the tube. On the outside of the roller
support housing are two grease fittings (fig 4-7)
which must be lubricated with GAA monthly or
after dieassembly.

GREASE FITTINGS

Figure 4-7. Roller support.

(3) Buffer essembly. A hydraulic buffer
assenbly (fig 4-8) is secured to the front of the box
trail. The buffer shoe beare upon the firing
platform stiffening ring. This assembly acts as a
buffer and prevents the carriage from tipping
forward when the recoiling parts return into
battery. The hydraulic buffer must be checked
periodically for leaks. Any leak in the buffer is
considered serious and must be checked by support
maintenance personnel. A quick-release type of

.locking assembly is provided for securing the

platform to the box trail assembly pivot. This
platform locking assembly is secured in its
engaged position by a quick-release pin. The firing
platform can be disengaged for separate
emplacement or for abandonment if necessary.
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Figure 4-8. Buffer assembly.

b. Problem arcas. There are three interrelated
potential maintenance problems involving
components of the M102 firing platform and its
locking handie assembly (fig 4-9).

(1) The first problem involves the retaining
bolts on the platform locking ring (item 1, fig 4-9),
which vibrate loose during firing and can cause
the piaiform o warp and become nnserviceable.

(a) The cause of this problem is that the
retaining bolts are too gshort and do not seat the
locking positione of the self-locking nuts. Longer
bolts have been made available.

(b) The maintenance allncation chart
indicates that the user is not authorized to repair
the firing platform, but he can check it. Personnel
should inspect each retaining belt of the nut side to
see if the bolt protrudes ali the way through. If the
bolt is of the right length, one to four threads will
be visible. If no threads are visible, the user should
notify the direct support unit (DSU) and it will
replace the bolts. After the improper bolts have
been replaced, or even ifthe weapon has the correct
bolts, periodic checks should be made to insure
that the bolts remain tight. The best time to check
the bolts for tightness is whenever the firing
platform is disengaged from the weapon.

(2) The second and third potential
maintenance problems in the firing platfo.m area
are on the platform locking handle assembly. The
locking handle (liem 2, fig {-9) may bend or break
when the platform is being installed or removed,
and the locking handle retaining machine screws
(item 3, fig 4-9) vibrate loose and then are sheared
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and lost during firing operations.

fa) To resolve these problims, a strong
handle has been developed and the retaining
machine screws have been replaced by bolta with
lockwashers. Both the new handle and the bolts
can be replaced in the field withcut removing the
howitzer pivot from the carriage.

(6) A broken locking bandle or lost
reteining screw generally indicates the lack of
proper preveniive maintenance. The locking
handle bends or breaks because excess muscle is
applied. The screws vibrate loose and are lost
because somebody forgets to check them for
tightness.

4-6. Lowering the Firing Platform
(and Suspension Assembly)

When the weapon arrives at the firing position,
the firing platform must be emplaced. The weapon
is initially positioned with the tube facing the
back-azimuth of fire. Becavse the actuator gear
train is subject to failure while the platform is
being lowered, certain precautions must be taken.
The tube should be elevated to approximateiy 800
mils and all personnel snould be warned to keep
their feet clear of the firing platform. Befcre the
platform is lowered, the brakes must be
disengaged, (he suspensicn locks mnust be
disengaged and stored, and the travel lock must be
disengaged and stored. The bracket for attaching
the travel lock is located above and behind the
buffer assembly. The travel lock connects the I 7x
trail with the cradle, supports the overhanging
welghnt of the tube, and preventis undue wesr of the
elevating mechanism dunng travel. Once the
number 1 and number 2 cannoneers have taken
the preparatory steps, they will connect the
actuator crank to the actuator mechanism and
crank the actuator in a counterclockwise direction
until the suspension assembly contacts the roller
supports. Two men are always used to lower the
firing platformn—one to hold the crank and one to
turn the crank. At this time the wheels will be orf
the ground in the firing position and the brakex
must be reengaged.

4-7. Emplacing the Firing Platforn)

The procedure for emplacing the M102 in the
firing position is spelled out in chapter 1, section
I, of TM 9-1015-234-12 and page 2-21 of TM
9-1015-234-10. How=ver, investignations within
the USAFAS have shown that some questions
exist concerning the normal emplacement
procedure. Additionally, the US Army Armament
Command has initiated actions to provide a
method of emplacing the weapon on rocky or
frozen ground.

a. When charges 1 through 6 are being fired,
firing may commence when a minimum of two
stakes have been emplaced. This is not
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ITEM 3. THESE
SCREWS HAVE BEEN
REPLACED WITH
BOLTS AND LOCKING -
WASHERS, KEEP THEM
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ITEM 2. EXERCISE CAUTION
WHEN INSTALLING THE
FIRING PLATEQRNM OR Ti5
LOCKING HANDLE WiLL BEND
OR BREAK. THE HANDLE HAS
BEEN REINFORCED.

TIGHT, - .
ITEM 1. KEEP THESE te
RETAINING BOLTS SNULG "
AND MAKE SURE THEY i
ARE THE CORRECT i
LENGTH. b
Figure 4-9. Firing plaiform and locking handle aesembly. KR
recommended, how ver, because a high potential WARNING: The M102 howitzer must remain -

of damaging the M102 firing platform exists under
this conditicn. All eight stakes must be emplaced
before charge 7 is fired.

(1) The USAFAS had determined that the

fastest method of emplacing and laying the M102

is as follows: Bring the woapon into position 3,200

inils from the primary direction of fire, lower the

weapon onto the firing platform, drive the front

C-'!\ stakes, traverse the wespon 3,200 mils, and then

" begin laying operations and drive the remaining
stakes.

4.7

elevated to approximately 800 mils while the
weapon is lowered and the firing platform is
emplaced.

Note. Elevating the M102 howitzer to 800 milsis
required primarily for safety reasons but is also
required to prevent damage to the weapon during
emplacement. As stated in the user’s manual, the
stakes must be driven from the front of the weapon
to prevent damage to the carriage and fire control
instruments,
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Figure 4-10. Lowering the suspension assembly.

(2) This USAFAS recommended emplace-
ment procedure has been found to be faster, more
accurate, to cause less damage to the weapon, and
to be safer than other procedures that have been
tried. When this procedure cannot be utilized,
common sense should prevail.

b. Two stakes have been produced for
emplacing the firing platform—a 38-inch stake for
sandy/soft terrain, a 24-inch stake for normal
terrain. (Note. Units stationed in cold areas have
been authorized to cut some stakes down to 15+ 4
inches.)

¢. ‘The probiem of empiacing the Mi(Z on rocky
or frozen ground is caused by the difficulty
involved in driving the stakes. The problem has
existed since the weapon was first introduced and
has resurfaced because of the issue of the M102 to
Korea-based units.

(1) To resolve the problem, the US Army
Armament Command tested a miniature-sheped
charge, known as the jet tapper, for blasting holes
in rocky or frozen ground. The hole facilitates the
driving of special steel forged stakes which are
also programed for issue. The jet tapper is fired by
means of a detonating cord strung through a
traverse hole on the charges. There are no
fragmentation or pressure hazards to personnel
and equipment 40 feet from the charge.

(2) There is little doubt that your immediate
reaction, like that of many field artillerymen at the
USAFAS, is skepticism. Questions like "Can =
charge of this nature be detcnated within a battery
position?” or "What are the safety factors
involved?” plus more questions concerning the jet
tapper have been raised. The jet tapper has not
been accepted by the field artillery community;
however, feasibility tests and demonstrations will
be conducted to determine if we, as field
artillerymen, can live with such devices.

d. For those of you who are currently having
M102 emplacement problems on frozen or rocky
ground, Armament Command engineers have
devised a method of cutting down the current

24-inch stakes (fig 4-11) to 15 inches. These -

modified stakes can generally withstand the
driving force required to penetrate frozen or rocky
ground, and because they are shorter, will require

less emplacement time and depth penetration.,

This modification can be made at the
organizational level. The only tools required are a
nhacksaw io cul and taper ithe siakes and a grinder
or file to sharpen the edges as required.

e. The stakes should be driven to » depth at

which the next to top lip is flush with the firing
platform as shown in figure 4-12.

™ “l
GRIND SHARP EDGES
AS REGQUIRED
b e 157 41 /8" S
Figure 4-11. Modified {short) stake.
48
B R AT R R

X TR AT AT TR N R e VIEOW SRR T T TR U W T Y Trw —mm Ty —w Ty —vw

dalalefelicaton |

LI DR G
_L_'Aﬂn-'.L_L‘-.._:_'.'J—'X‘.‘-‘L'..:- LL et L

AR T S . D . .
T W -k 2

. 2
E ol

Rbus /408

i 4 SR

AT T S

e e M T
R P T
S SN VT A N S 3




PLar%. e are SHL ST ST G ek Ml YR N b AL St Sr o AP S et -Sall et Tl L A N AP L St il Sl PR S ToTvrr TR T RTNT TE Y E R “"{‘\":‘i\ 'V}_' v

[
e L e

WS

3 ( ™
) DEPTH OF STAKE - =
. . WEAPON IN FRING POSITION
4] 1'\- _L:J
5 4
N N ‘
| ‘4
) ' j
; GROUND !
: i
]
b ] *
4 - ':w
- 3
S
R

o
o
- ) N
C
o

Figure 4-12. Firing stake emplacement. o

4-8. March Order of Firing Platform do net simply replace it with a nail or similaritem. o~

a. To march order the firing platform, elevate
the tube to 800 mils elevation. Traverse the

.=, howitzer sc that the cannoneers have access to the
WY stakes in front of the platform. Using the stake

extractor and the sledge hammer as a fulcrum,
extract the front stakes as shown in figure 4-13.
Traverse the howitzer and repeat the proceduse
until all stakes have been removed. Unlock the
hand brakes on the wheels. Place actuator crank
on actuatoy gear shaft and turn handle clockwise
to raise platform. Lock wheels with hand brakes
and install suspension locking pins. Depress the
tube and secure travel lock in locked position.

Figure 4-13. Extracting the firing stake.

£ WARNING: On the actuator crank is a shear pin
"~ -'made of soft meta! that is designed to break if too

much pressure is applied to the actuator as the
firing platform is being raised. If this pin breaks,

. - -0 . - “n o N ~ - - . .’ v A-. . ',4 T E
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When repairing the actuator crank, always use the

proper shear pin.

b. Personnel should be awar: ~f an extreme
safety hazard thatinvoives the failure of the wheel
actuator assembly (item 2, fig 4-4) during
emplacement or march order of the firing
piaiform. Simply staied, the probiem is that a gear
failure within the assembly often permits the
howitzer to drop into the firing position. If the
cannoeer operating the crank assembly has his
foot under the firing platform when the failure
occurs, his foot will be crushed; if the tube is
elevated less than 800 mils and a cannoneer is
under it, his head may be split open.

(1) Investigations to isolate the failing wheel
actuator assembly component are still underway,
but certain assemblies have been identified as
those most likely to fail. In order to prevent
personnel injuries during M102 emplacement or
march order, you should insure that your
personnel comply with the provisions of the M102
user's manual. Unnecessary personnel should
stand ciear of the weapon during emplacement
until the firing platform is on the ground. The
cannoneers emplacing the weapon should exercise
caution to keep their feet clear of the firing
platform. Just as important, the weapon tube
shouid be elevated to approximately 800 mils. The
same procedures apply during march order
operations until the suspension travel lock pins
have be=n installed.

(2) Unil the problem involving failure of the
wheel actuator assembly has been resolved, TM
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9-1015-234-12 and TM 9-1015-234-10 alro require
that the user conduct a preventive maintenance
check on the assembly as part of the before- and
after-fi- ing checks. The test is spelled out in table
3, Monthly Preventive Maintenance Checks and
Services, in the user's manual. If the wheel
actuator assembly of your weapon fails, you niust
modify the appropriate direct support unit (DSU))
to make repairs and you should submit an
equipment improvement recommendation (EIR)
on DA Form 2407. If at all possible, find out from
your DSU who manufactured the fauity actuator
assembly and include that information on the
EIR.

4-9. Elevating Mechanism

a. Description. The M102 employs the concept of
rear-mounted trunnion elevation. The elevating
mechanism is the ball screw type that employs 4
bevel gear trai

(1) Total elevation is from 0 to 1,333 mils on
level terrain.

(2) Tetal depression is from 0 to -89 mils on
level terrain.

(3) Each complete turn of the handwheel
moves the tube 10 mils.

(4) Maximum allowable backlash of the

(g; .
NG

N
-r'

1-—Elevation handwheel
2-—No-back clutch
3—Bevel gears
4—Drive shaft

Figere 4-14.
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clevation handwheel 18 % turn.

b. Purpose. The purpose of the elevating
mechanism is to ynise and lower the tube to
achieve various ranges to targets, thus lending
flexibility to the howitzer.

¢. Components. Components of the elevating
mechanism assembly (fig 4-14) are a
counterbalanced elevation handwheel, apper and
lower gear housing, a clutch (no-back device),
bevel gears, a pair of shafts that are connected by a
coupling, u drive shaft assembly, and a pair of ball
screw housings (fig 4-14). The upper gear housing,
which contains a pair of mating bevel gears and
the clutch, is mounted to the box trail directly in
front of the right trunnion bracket. The lower gear
housing is bolted to the box trail in front and below
the upper gear housing. The elevating handwheel
is connected to the drive shaft assembly through
the clutch, a set of bev~l gears, the two shafts with
connecting coupling, and a bevel gear, which
engages the drive shaft assembly bevel gear. (The
no-back clutch device makes the gear action
i reversible.) The drive shaft assembly, which is
mounted in the box trail, is composed of a pair of
shafts with attached bevel gears, a coupling shaft,
and a <ismp. The bevel gears of this shaft
assembly engage the mating gears in each of the
ball screw housings (fig 4-14). The forward or

5-~Elevation cylindsr base
6-—Uppergear housing
7—Lower gear housing

Elevation drive train.
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1--Screw-typ e cylinder
Z2—-Bell bearings

3—Housing base
4—Hinging point \bolted to crad!e)

Figure 4-15. Ball screw housings.

5‘;' upper extremes of the ball screw housings are

pinned to the forward poriion of the cradles and
brackeis assembly. The large compressior: heiical

springs, which encircle each ball screw housing,
serve as pusher-type equilibrutors.

d. Functioning. When the elevation handwheel
i8 tuvned, the direction of the flow of power is
changed and transmitted to the telescoping
el2vation cylinders. The elevation cylinders
telescope in a screw-type fashion, with the ball
buirings reducing the friction between moving
metallic goris. As the cylindere telescope, the

upwaxd pressuce is exerted on the cradle to elevate
the tube.

e. Ma.ntenance. The elevation cylinders will be
lubricated monthly by organizational
mainterance. Bacitlash of the handwheel must be
checked periodically; if it exceeds 1/12 turn, the
direct support unit must be notified. The
handwheel grease fitting will be serviced monthlv
with GAA.

4-10. Equilibrators

a. Type. The M102 usilizes opc' -spring
pusher-ty,;¢ equlibrators.

t. Purpose. The purpose of the equilibrators is to

~.-’reduce ihe rnanual effort required to elevate the

tube due to the rear-mounted trunnions, and thus
to relieve some stress from the elevating

mechanism. No adjustment of the equlibrators
can be made at organizational level.

c. Function. As the tube is depressed, thp
equilibrator springe are comprecaed and energyis
stoved tu assist in elevaiing the tube ut a later time,

d. Maintenance. There hava been zcme reporta
from the field that unita arcexperiencing problemas
with the equilibrators (fig 4-16). Indications are
that the eqguilibrators lock or creep and thus fail to
maintain the tube at the correct elevation.

(1) Listle information on the cause of the
equilibrator problem is currently avesilable.
Further information, throngh EIRs from the users,
is needed; however, investigation intc the provlemn
arca has been initiated. Two of the probable causea
of the equilibrator problem are the lack of
lubricauion end the plugging of the drain Loles. A
drair. hole i3 located in the lower housing on the
anderside of each equilibrator. The drain holes are
being eniarged te reduce the possibility of
plugging, but you muat insure that the holes
remain clear. The drain holes zan be cleancd with
u thin wire. Ther, the equilibrators can be cleaned
and lubricated with general purpose lu*ricating
oil. The M10: - brication order, LO 3-1015-234-160,
1 June 197:, <quires that organizational
mainteuance persconnel accomplish this
lubrication on a monthiy basis; however, the
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THE DRAIN HOLE tS
LOCATED IN THIS AREA,
MAKE SURE 11 1S KEPT

CLEAN,

EXEARGISE CAUTION WHERN

AREMOVING T7i4i8 3/16 INCH

FILLER PLUG OR IT WILL
STRIP QUT,

- my

¢ 4

Figure 4-16. M102 open sprinyg pusher-type equilibrators.

Juorication instructions prescribed in note 5on the
lubrication order have been found to be
inadequate. Fersonnel chould lubricate the
squilibratora according to the instructions in (a)
through (f) below. (These instructions will be
mrgon;orated in the next change of the lubrication
“rder.

{a) Elevate the cennca to 1,200 mils.

) Usa a thin wirs to clean the draini hole at
tize bottom of each equilibrator.

Note. Faiiure to clean the drain holes will result
in improper lubrication of the equilibrators.

(c) Being careful to avoid stripping the
pluge, remove the 3/18-inch filler plug frcm the
top of esch equilibrator.

(d) Using a hand oiler, add 1 pint of
gcneral-purpose lubricating oil to each
equ.librawor and allow the weapon to stand until
oil seepage from each drair hole stons.

(e) Boing careiul to avoid stripping the
plugs, repiace the 3/16-inch filler plug at the op ¢f
sach equilibrator.

R
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(f) Depress and elevate the cannon three or
four times throughout the elevadon limits to
thoroughly lubricate the equilibvator ball and
ecrew assemblies.

(2) The grease fitting located at the top of each
equil:br:tor must be lubzicated with GAA
monthly.

4-11. Traversing Mechanism

¢. Type. The type of treverse is pivot and socket.
The pivot is attached to the carriage and fitsin the
socket of the firing platform (fig 4-17). When the
weapon is in the firing position, the socket
supports the weight of the carriage by providing a
bearing e face in which the pivet rotates during
traverse (fig 4-17). The tetal amount of
on-carriage traverse is 6,400 mils. The travarsing
mechanisin or: this weapon is the bzvel gear type
with a roller tire.

b. Purpose. The traversing mechanism controls =~ -
the movement of the weanon in azimuth so that
rounds can he rapidly delivered over wide fronts.
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Figure 4-17. Traversing mechanism pivot and Jocket.

¢. Components. Components of the traversing
mechanism (fig 4-18) are a handwheel, bevel
gears, a flexible shaft, a connecting shaft with
U-joints, helicai gears, an axle, and a roller tire
filled with solid foam.

d. Functioning. The traversing handwheel
transmits power to the roller tire through the bevel
gears, shafts, U-joints, and helical gears (worm
and worm wheel). The handwheel housing is
, secured to the left side of the trail, the bevel gears

‘Qchange the direction of the flow of povsr. The

flexible shaft, mounted inside the left slde of the

_£
bhax trail "‘"’""""*"“ the neod fo. 4 series of u;uu

shafts and U-joints. The helical gears in the trail
crossmember make the mechanizm mvetslble,
i.e., the weapon canno? e traversed by moving the
roller tire. The wheel moves the tube 21 mils, The
tube moves to the right when tlie handwheel is
rotated io the right and moves to the left when the
handwheel ia rotated te the left.

e. Maintenance. The traverring mechanism is

Section lil.

4-12. RAairel Assombiy

a. Type. The M137A1 tube is a 105~-mm cannon
that fires semifized ammaunition and hae the
foilowing characteristice and capabilities:

(1) Caliber—105-mm, or £.13 inchea between
epposite iands.

(2) Length--124.40 inches, or 30 calibers.
(3) Length of rifling ibore)—110 iriches.
(4) Muzzle velocity-——apprLu-imately 494

] 5‘

LTI D G T SN G S |

4-15

lubricated semiannually by DS or GS
maintenance personnel (L.O 9-1015-234-10).
When the weapon is to be shifted over 200 mils the
cannoneers will use the trail lifting handles to lift
the trail and shift the direction of the tube. This
prever:ts undve wear of the traversing mechanism.
The roller tire should never be dragged on the
ground. The maximum allowable backlash of the
traversing handwheel is 1/12 turn. If this
tolerance is exceeded, the d-ficiency will be
reported to DS »r GS maintenance personnel. Field
units have indicated some problemes with the
traversing mechanisry (g 4-18);

however, all

known faiiure probleins have been corrected.
Failure of the gearbox, caused by large trail shifts,
was corrected by mean. of a stronger gearset and
additional support bearings. The only other
reported problem concerned wearing of the lockng
pin holes in the universal joints. This caused
excessive backlash in the mechanism. This
problem was corrected by an improvement in the
mechanism univerezl joints.

S8ARRELS AND BREECH ASSEMBLIES

maters per second.
{5) {ands and grooves—35.

(6) Kifling—increasing right-hand twist of
one turn 1a 38 calibers to one turn in 18 calibers.

(7)Y Maximum range—11,600 meters.

(8 Rate of fire—maximum, 10 rounds per
minute for the first 3 minutes; austained, 3 rounds
per minu’e, thereafter.

(9) Weight:—900 pounds.
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1 —Traversing handwheei
2—Hevel gears
3—Flexible shaft
4—Connecting shaft
5—Universal joints

TNy Yy Ty oY oMoy oW v e

T A

~ [P S P R
0—Hoelical gears

7—Axie
8-—Roller tire
9—Box trail

10— roller tire supports

Figure 4-18. Beuvzl gear roller tire drive train,

b. Construction. The tube is made from an alloy
steel ingot, wiiick is poured and then hot-forged
into a cylindrical shape by means of a
high-pressure press. A hole is then bored through
the center. the outer surface is rough-turned, and
the barrel ie machined. The inside of the barrel is
machined with a bore guidance system that
insures the straightness of the tube to within (.005
inch throughout its entire length. During this
sequence of machining steps, the tube is
permanently prestressed by hydraulic pressure in
& process- known as autofrettage.

¢. Tube life. Each round of ammunition fired
through a cannon tube causee wear and erosion of
the tube, which gradually changes the dimensions
of the bore. For most gun tubes and some howitzer
tubes, the exteni of wear determines the remaining
life of the tube. In addition to causing wear and
grosion, each round fired produces metal fatigue, a

414

process in which heat and expanding gases
weaker the metal in the tnhe and breech and
»educe the tube and breech hf . The remaining life
of a tube can be determined by converting ihe
rounds fired tc equivalent full charge (EFC)
rounds and sub:. acting the EFC rounds fired from
the FFC life of the tube. An EFC is equal to the
firing of charge 7 (maximum chargs for the M102),
When any other charge (1 through 6) is fired oniy
0.10 EFC is exhausted. T'able 1 shows the tube and
breech life and the EFC factors for the 105-mm
howitzer M102.

d. Exterior compoaents. The exterior of the tube
18 threaded at the breech end. The threaded end of
the tube is screwed into the breech ring, and the

front face of the bre:ch ring Las a threaded section ~" 2

that screws into the rear yoke of thie recoil
assembly. As the tube is fitted into position, two
semicircular disks (the cannon ring) sre wedged
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Table 4-1. Condemnation Criteria for Tubes and Breech Assemblies

-

Major ftem Cannon Tube

EFC Lite of Tube E¥FC Factor

Breech Life

105--vun howitzer M102{M137* —

105-rm howitzer M102 [M137A1 (M137E1) 8,000 rounds

Charg: 7 = 1.OOMOriginal and 3 tubes
Charge 1-6=0.10

tions to be made of the original tube.

*For special information on cannon tube M137, see TM 9-1000--202-10 and special notes concerning inspecH

and bolted between the tube and the second yoke to
secure the forward portion of the tube. The
tube-locking key secures the fube to the breech,
and the breech mechanism key secures the breech
to the recoil mechanism. Four punchmarks are
stamped on the face of the muzzle end of the tube
1,600 m apart at the vertical and horizontal axes.
The front boresights are placed on these
punchrnarks for boresighting.

e. Interior components. The interior
components (fig 4-19) of the tube are the same as
those of other weapons that fire semifixed
ammunition and are described below in the order
of their location, from muzzle to breech.

(1) Counterbore. The counterboreis formed by
reboring the muzzle end of the tube a
predetermined distance to increase the muzzle

~>.--diameter. The reboring consists of removing the
&Y lunds from that portion of the tube. The purpose of

the counterbore is to relieve stress when the
weapon is fired, This is done to prevent crscking of
the tube.

(2) Main bore. The main bore is the entire
rifled portion of the bore. The rifling 18 of
increasing right-hand twist design. When the
round is fired, it turns at a rate ot one turn per 35
calibers. When it reaches the end of the tube, it is
turning at the rate of one turn per 18 calibers.

(3) Forcing cone. The forcing coe ig the rear
portion of the main bore formed by tapering the
rear of the lands. The function of this forcing cone
is to allow the rotating band of the projectile to be
engaged gradnally by the rifling, thus insuring the
proper seating of the projectile.

(4) Centering slope. The centering slope is the

tapered portion forward of the powder chamber
that causes that projectile to center itself in the
bore during the loading operation.

(5) Powder chamber. The powder chamber is
that porilon of the bore designed to receive the
powder increments that are contained in the
cartridge case.

(6) Breech recess. The breech recess is formed
in the interior of the breech ring and is designed tc
receive the breechblock, which affords a means of
mechanically opening and closing the rear of the
assembly for loading and firing the weapon.

f. Functioning. When the semifixed round is
loaded into the M102 tube, the round is centered by
the centering slope and the forcing cone ergages
the rotating band of the projectile to form a
gastight seal. The powder canniater fits snugly
into the powder chamber. As the roundie fired, the
hot gases created by the burning powder cause the
powder canmester to expand and form & gastight
seal to the rear of the projectile. This is called
rearward obturation. Sincc there is a gastight seal
between the rotating band of the projectile and the
forcing cone of the tube (forward obturation), the
expanding gases force the projectile toward the
muzzle of the tube. The rifling twists in a
right-hand direction increasing from one turn per
35 calibers to one tura per 18 calibers and thus
imparts a clockwise spin i the projectiie as it
leaves the tube.

4-13. Breech Riny

«. General. The breech 1ing 1s mated to the tube
prior tuinstallatizn of the weapon. The breech ring
18 the comnponens that houses the breechblock. The

GAS CHECK SEAT (HEAPON CSING SEPARATE-L.OADING AMMUNITION)

POWDER CHAMBER

{

T e T i Oy

\ F ORCING CONE

MAIN BORE (RIFLING)

l"
i

\CENTERING SLOPE

COUNTERBORE )

Figure 4-19. Cross section.
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breech recess is the open portion of the breech ring
that allows the kreechblock to be opened and
clored. The breech mechanism key locks the
breech ring to the recuil mechanism; the tube
locking key locks the breech ring to the howitzer
tube. The breech ring is flat on the top to facilitate
zeroing the tube and leveling the trunnions. These
functions are covered in the discussion of
bhoresighting in paragraph 26.

b. Breech life. A breech ring may be retubed
three times after the original tubing; then it is
considered unserviceable.

¢c. 'moedded correction. An embedded
correction, also known as a breech correction
factor, appears on most current field artillery
weapons. This correction factor is stamped on the
howitzer breech, normally between the breech
elevation leveling plates (fig 4-20), and reoresents
the angular difference between the tube bore
centerline and the elevation leveling plates on the
breech. This difference is caused by
manufacturing tolerances, and the value varies
from weapon to weapon. On most fieid artillery
weapons, this value is generally less than 1 mil.
However, on ithe M10Z, in some instances, this

value is as great as 5 mils. Problems involving the

embedded correction are discussed in (1) through

(5) below. You should read and understand all the
information presented before initiating any
corrective action.

(1) The embedded correction is used whenever
it is necessary to level the tube during fire control
alinement tests or when the elevation checks and
adjustments are conducted on the fire control
instruments as explained in TM 9-1015-234-12. If
the value stamped on the breech is preceded by a
plus sign (+), the numerical value is added to the
MI1A1l gunner’s quadrant reading. If the value
stamped on the breech is preceded by a minus sign
(-7, the numerical value is subtracted from the
quadrant reading. An embedded correction with
neitker a plus sign ror a minus sign is considered
to be a positve (+) value. The embedded correction
must be used during tests of fire control
instruments because it is that value that actually
levels the howitzer tube. Failure to compensate for
the embedded correction will allow misalinement
of the fire control instruments on the weapon being
checked.

(2) During investigations involving the

LEVELING

Figure 4-20. Location of breech-leveling plates and embedded correction.
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accuracy of fire with the M102, it was determized

- that in most instances using units were not
' considering embedded corrections under any

-

T
A’y
<

Y

circumstances. The case was determined to be a
lack of understanding because the use of
embedded corrections 'vas not explained in the
M102 user's manual. Change 9 to M102 user's
manual incorporates the use of embedded
corrections into the manual text; however, that
change will not solve the total problem because the
embedded corrections on most M102s are
€rroneous.

3) The embedded correction is not a constant
value. It will change whenever the howitzer tube,
breech, or recoil is changed. Nearly every M102in
the inventory has had a tube, breech, or recoil
change since the weapon was introduced into the
inventory. Iowever, the direct support units that
accomplished these changes did not have the
equipment to accurately level the tube and
measure the new correction value. Therefore, the

DSUs did not change the embedded corrections.

Additionally, an M102 that has not had a tube,
breech or recoil change can still have an erroneous
embedded correction because of the weapon
system manufacturing procedures. During
manufacture, the tube and breech are mated, the
embedded correction is determined, and that value
is stamped on the breech. Later, the tube and

., breech are mated to the recoil and carriage without

a measurement of the embedded correction.
Althcugh mating the tube and breech to the recoil

ADJUSTING KNOB
LEVELING VIAL
LEVELING VIAL HOLDER
MAGNET TUBE STOP
ADJUSTABLE SHOE
FIXED SHOE

QUADRANT SEAT
ADJUSTING HOLES

DN WA —

R TR TTY TR TR Y

mechanism does not change the value of the
embedded correction greatly, it does muke the
valne stamped on the breech erroneous.

(4) As a user, you should take two actions
involving embedded corrections.

(a) First, you must have your DSU verify
the embedded corrections stamped on your
weapons. If your DSU does not currently have the
equipment necessary to accomplish this action,
request that the DSU contact the local Armament
Command maintenance representative. This
representative has, or can obtain through his
channels, a tube-ieveling fixture that will allow
your DSU to accurately level each howitzer tube
and determine the accuracy of the embedded
correction.

(b) Second, be sure that you understand the
use of embedded corrections and that you use the
correct value when you level the tube during fire
control alinement test or during *he elevation
checks and adjustments prescribed in the user's
manual, TM 9-1015-234-12.

(5) The ultimate goal is to eliminate the need
for embedded corrections. What is being
accomplished to achieve that goalis also a twofold
process:

(a) First, cannon engineers have developed
the tube-lev-ling fixture (fig 4-21) mentioned in
(4)(a) above. '1his device, as its name implies, is
used to level the howitzer tube. This fixture is

Figure 4-21.

Tube bore leveling fixture.
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simple and rugged, requires little maintenan: e,
can be used with all calibers of current field
artillery cannons, and is used in conjunction with
the M1A1l gunner's quadrant. The significance of
the tube-leveling fixture is thatit eliminates using
the breech as the reference point in tube leveling
and thus eliminates the need for embedded
corrections. The USAFAS has recommended that
cne tube-leveling fixture be issued to each field
artillery attery and to each direct support unit.
Plansc: . forthefixture with instruction forits use
to be issued as soon as sufficient quantities can be
manufactured.

(b) The second step in the elimination of
embedded corrections resulted from disatisfaction
expressed by members of the USAFAS toward the
introduction of the tube-leveling fixture.
Arguments were that the tube-leveling fixture was
another tool that would require some type of
calibration and that it would increase the
proliferation of equipment at battery level. At the
same time, members of the USAFAS became
aware of a process being developed whereby
leveling plates could be machined on the howitzer
tube. The process was only beginning its initial
testir. & but could eliminate the need for embedded
corrections and the tube-leveling fixture. The
tube-leveling plates are machined on the forward
position of the tube to correspond to the centerline
of the tube bore (fig 4-22). There are many
questions regarding the feasibility of the process;
among these is the question of whether the
leveling nlates could cause early tube failure.
However, to insure thai the process iy fully
investigated, the USAFAS has requested that the
plates be applied to the M110A1 long tube, 8-inch

self-propelled howitzer; the M198, and the XM204
105-mnm soft-recoil howitzer, all of which undergo
tests at various stages of development within the
US Army materiel acquisition system. If the
leveling plates prove successful you will be able to
level your howitzer tube by using only the M1A1
gunner's quadrant without any correction factors.

4-14. Barrel and Breech Maintenance
a. Cleaning.

(1) The tube, breech, and all firing parts
should be cleaned with rifle bore cleaner (RBC) the
day of firing and for 3 consecutive ‘ays after
firing, for a total of at least four cleanings. After
each cleaning, a coating of rifle bore cleaner
should be left in the tube overnight. If the weapon
is not to be fired within 24 tiours after the fourth
cleaning, it should be wiped dry, inspected, and
lubricated with oil, as described in LO
9-1015-234-10-.

(2) If the tube continues to sweat after the
fourth cleaning, cleaning should be continued
until the sweating stops. Sweating is evidenced by
condeasation of moisture on the inside of the tube.

(3) When the weapon is not being fired, the
tube should be cleened with rifle bore cleaner
(RBC) weekly and then wiped dry, inspected, and
reoiled as described in (1) above.

b. Cleaning solutions.

(1) Rifle bore cleaner. Rifle bore cleaner
evaporates at 150° F. If you can place your bare
hand on the tube without being hburned, the tube is
cool enough to clean. Rifle bore cleaner is not a
lubricant, but it is a rust inhibitor effactive for 24 to

s

J

Figure 4-22.

- LTt - R A
P I TPA, W U N o Dot Bndd o2 e

LI P S AP W ST .

Proposed poaitioning of tube leveling plates.
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48 hours. Rifle bore cleaner should never be
diluted.

(2) Alternate solution. When rifle bore cleaner
(RBC) is not available for cleaning the tube, an
alternate solution of “-peund of castile or Gl soap
dissolved in a gallon of hot water may be used. Hot
water is preferable because it will dissolve soap
more readily. The tube should be cleaned whileit is
still hot so that ithe solution will wash the primer
salts from the pores of the metal. The cycles
described in a above should be usedin the cleaning
process, except that the tube must be rinsed, dried,
inspected, and lubricated after each daily
cleaning.

¢. Reducing tube wear.

(1) Corrosion, or rust, is a chemical
decomposition of tube metal, caused by moisture
being withdrawn from the air by hygroscopic
primer salts deposited in the tube by firing. Tostop
tube wear caused by corrosion, clean the tube with
rifle bore cleaner immediately after firing and for 3
consecutive days thereafter or until sweating
ceases.

{2) Erosion is the wearing away of the tube by
the escape of propelling gases (known as gas
wash) around the rotating band at the instant of

firing. It is also caused by friction. Erosion can be
- reduced by—

(a) Using the lowest charge commensurate
with the mission.

(b) Using the lowest rate of fir
commengurate wih the mission. :

maximum/sustaine ! rates of fire.

(c) Letting the weapon rest 1) minutes per
hour. The rest periods should be used to clean and
maintain the weapon.

(d) Swabbing the tube with cold waier
during lulls in firing.

{e) Cleaning the ammunition before
loading.

CAUTION: The bore should be completely dry
before firing. This reduces the erosion factor, since
sll foreign matter will be removed by wiping the
Lore dry.

4-15. Breechblock and Bresch Mechanism

a. Tvpe. The breechbicck is a vertical sliding
wedge which must be opened and closed manually.
The mechanism uses a series of shafts, bevel gears,
cranks, and a pivot to raise and lower the
breechblock.

b. Purpose. The purpose of the breechblock and
breech mechanism is to allow the renr (breech) of
‘the tube to be opened for loading.

c¢. Components. The components of the breech
sperating group (breech mechanism) are shown in

-1
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figure 4-23; the breechblock components are
shown in figure 4-24,

d. Functioning.

(1) Opening the brecck. To open the breech,
depress the handle latch and rotate the handle.

(a) Rotation of the handle transmits motion
through the brecch operating shaft to the breech
cperating crank and torsion spring.

(b) The breech operating crank rotates
dowrward, moving the pivot dewnward in the
T-slot of the breechblock to lower the breechblock
into the open position.

{c) Camming grooves in the sides of the
breechblock lower the ends of the extractors
rapidly, causing the extractor lips to extract and
eject the empty cartridge case.

(2) Cocking the firing mechanism.

{a) As the breechblock is opened, the
cocking leveris cammed rearward by the camming
surface on the left wall of the breech recess in the
breect: ring.

(b) Rotation of the cocking level 1s
transmitted to the cocking mechanism.

ic' The firing pin guide is forced to the rear
by the e <ing mechanism, and the firing spring is
compressed.

{dj As the firing pin guide approaches the
cocked position, a sear lug on the guide passes
through a notch on the sear.

fe) When the sear lug has passed through
the sear notch, the sear spring expands, rotating
the sear toretain thefiring pin guide and firing pin
ia the cocked position.

(f) The cocking mechanismis returned toits
original position by the cocking lever spring when
the breech is closed.

(3) Closing the bree:h.

(a) When a round is inserted into the
chamber, the rim of the cartridge cace engages the
exiractor lips and pushes them forward.

(b} The extractors are forced off the {lats of
the breechblock, unlocking the breech.

(¢) Manually rotating the handle assembly,
which 1s pinned to the handle assembly shaft,
actuates the operating crank.

td) The arm of the breech operating crank
rotates upward, slides the pivot in the T-slotuf ihe

breechblock, and thereby raises the breechblock to
the closed position.

(4) Firing.

(a) Actuation of the firing mechanism
causes the firing pawl to engage the firing plunger
angd forces the firing plunger to rotate the trigger.
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1—Breech assembiy ring 18--56/16 x 2V spring pin

2--% % 1% socket head cap screw 19—Breech crank assembiy pin

3—¥% lock washer 20—--Breech operating crank shaft

4—Stop assembly 21—Bresech riny bracket

5—Compression helical spring 22—V x 14 socket head cap screw

8—Firing plunger 23— lockwasher

7-—--Bushing 24—g3reechblock crank stop

8-—Handie assembly 25--Detent

9—3% > 13 spring pin 26—Detent piunger
10—Stop bracket 27---Compression helical spring
11—MHandle assembiy shaft 28-—Plunger adjustor spring
12--Spring pin *9-—Breechblock operating crank 3
13---Retaining ring 30-—Pivot 1
14— Self-locking screw 31—Torsion helical spring
15—No. 8 lockwasher 32-—Closirg mechanism plunger
16—Gear assembly rover 33—Closing spring shaft
17—Meiched bevel gear set and machine key 34--Closing spring adjustor

(not shown) 35--Breech crank assembly pin
Figure 4-23. Breech operating group—-exploded view. .
’(b) The trigger, which is ngaged with the primer instantaneously by the pressure o the

sear, rotates the sear, compresses the sear spring smal! compression helical spring iriag pin
and disengages the sear lug; then t} » compressed apring) that is applied to the firing stop. The entive .. gy,
firing spring drives the firing pin forward to atrike inertia percussion firing mechanisam is noi*’" .
the primer. retracted until the cocking action occure when the ™ -

(c) The firing pin is reirscied trom the breech is opened once again.
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Y-Cccking lever 8—~Percussion Mechanisp,
2—8/16 x 14 Spring pin A~--Fin’ng pin etaining ring
3-Torsion helicg| spring B-Firing pin
hBreechblock body C\Compression helica| spring, 121, Coils
~Firing trigger D~~~Firing Stop
~Sear E~—~Firmg pin guide
7—Torsion helical Spring, 101, coils F—uSormg pin
2 Cc-mp-ressa‘on helicg! Spig, 14 Coils
1 O-—Retainer
11 ~-Retrartor
12~—Bushmg
Figyre 4-24. Breec!tblock g."oup~-~€xpladcd View,
(d) en firing th, 102, ingyre that the detent planger and the plunger hovging bushmg
H88i8ta n Runner hojldg the lanyarg until the tuhe wear and aligw th firing mechaniagm pawlto drop
hag returned ¢, the in -battery bosition, [f he doeg and catph on the recoi] mechanigy, Yokes d aripgy
net, the lanygrd couid flip between the tube and firing (fig 4-25). Mi1oz naintenanep engineery
cradie g the tube reiurns and thus erygh the have completaq tests on New itvmg that will
lanyarq handle and wedge the lanyarg in the greatly redyee the wegar rate. Thege new ifems wijj
radle, A vertical sliding wedge type of breech be incorporatcd o new pwduction, Overhay],
Mechanigy, has toy, inherent safety featureg. and gpypre barts :n the near futyye, Huwevcr, untjl
irst, if the breechblo i8 not f iy ¢ osed, the €8€ new jtemy are availaple You shoylg
*Ing pin cannot strik the Primer; secrpng if the regularly Mspect the Irmg mee anism fo, K
tube ig oyt of battery Y%-inck op more, the firing eXcesgive wear, T, determipe the extent of weqr,
Pawl canngt move the firing plunger rearward Measure the clearance betweep the living -
enaugh 4, actuate the fripg mechanigm. Niechanigm Pawl anpg recoi] ypgy yoge. It tha )
. Maim‘enanm'. Clearance j4 _lesa th_an I,r’{ff-ixlch, n()t.ifyynurdirﬁ(?t ]
Suppert ynjt which wilj replace the plunger
oy Inatructions for cleuning ¢he breech are housing bushing. This wi]) Brevent youy from J
' Presented jin baragraph 15, bossibly having a4 deadlipe Weapon or having ‘
el {2) The Mioo firi Ng mechap iam jg extensive danmge to the firtng Mmechanism. _i
DR experien; g g high failyre Tate in that j¢ breaks or (3) Reported malfunctiong of the M 109 breech
18 bent dunng firing Operationg. The Cause of thig ave expected to be elimingteq by improvemenm
problem has beep determined to be wear, The I clude. n the product jmprovemsnt Packuge
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CAUSES PAWL
10 DROP
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EXCESKIVE BUSHING
WEAR HERL
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DIRECTION OF
RECOIL
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PAWL CONTACTS REAR
RECOIL MECHANISM
YOQKE HERE
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HAVE SUPPORT UNIT RIPLACE BUSHING WHEN
CLEARANCE 15 1/16 INCH OR LESS HeENLE

PAWL CORTACTS EDGE OF RECOIL MECHAMISM
YOKE WHE.! RECOIL R-TURANS TUBE TO
IN SATTERY FOS, TION CAUSING
DAMAGE 10 THE FIRING
MFCHANISM

Figqure 4-25. Firing mechaniam.
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discussed in paragraph 27. However, cae potential e :

. o . . . e h !

problem area, currently under investigation is of - Ry )—*‘\’\ )

- concern to M102 field umis becouse it involven the V_j / “’]\ BN )
-~ weapon system accuracy. The M192 breech hus & ',/ > O

slight wobble. This problem has only recently been /(\

detected, an d its full effects are not known. Iiisnot
considered to be a significant problem, but when
considered with the embedded correction area of
investigation {para 14), it reinforces the plans to
eliminate the M102 Freech as the reference point
for fire control ins uments by use of the tvbe

leveling fixture (para 14¢(5)(b)) and then the ~ ((
wobble will not create any problem for fire conitrol /
alinement tests. \. - > —

f. Removal of breechblock from breech ring. (&) Pull back nococking le'rer@.ﬁemove the
(1) For easy removal of the breechblock, plsce per uassion mechanism(d).
the weapon in firing position.

(2) Inspect the chamber and bore to see that
they are clear.

(3) Pull the lanyard to fire the weapon.

4
N
!
B
g
p
p
»
!
i
A
]
4

; al ~ ¢ . ‘ (4) Flevate the cannon o approximately 1,200
e 2rali

” - A S ) :
YN ~ (VAT i d PN ¥ .
N, - ¥ .
U Y o ‘ [ IU (== :
(4) Close the breech and check to see that the @\\ ﬁ
breech handle(D)is in the locked position. N\ 8
4 - B
.
’ \ 1
\. ; .

@ (8) Faring the underside of the cradle, depress

the deten! plunger(6)and move the bieechblock
N crank stop (Dte the right (unlock) pesition. 4
4

(5) Press in on the spring retainer(@)and

Y rotate it 1,600 wmils in either direction to remove the ]
S retainer and the percussion spring (3). :1
Fﬁ ‘f*‘ Note. If the wveapon had not been fired ((3) ]
-~ above) the percussion spring would be under too A
e much pressure and removing it could possibly 3
cause iniury. 1
- 423 8
o8 :
Ty i) 1 . - i meae oo e >4
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(9) Lowe> the cannon to 600 mils.

(10) Using a spanner wrench and a
screwdriver, release tension on the torsion helical
spring. Apply leverage counterclockwise on the
closing spring adjuster@wit.h a wrench. Then
depress the closing mechanism plunger(9) with a
screwdriver and allow the adjuster to rotate
clockwise und relieve tension on the spring.

CAUTION: Don't turn the adjuster clockwise
more than necessary to relieve tension on the
spring or you may damage the spring.

(12) Placearag @ on the carriage to prevent ..;'
chipping paint when you lower the breechblock.

(13) With voir left hand. grasp the
eyebolt QU , and with yourrighthand, unlaich the
breechblock until it reats on the carriage.

(11) Screw the eyebolt @ inte the top of the
breechblock.

(14) Remove the extractors 1

> Note. [f ycon can'e remove them, Aevatin
the cannon 1ust enough "o s ow renw AL

1}
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&. Disassembly of breechblock.

(1) Move the cocking lever @ to the forward
poeition and take it out. Remove the cocking lever
spring @ from the pivot Yiole.

(2) Grasp the knob on the retractor and
withdraw the cocking mechanism

(3) Remove the retractor (9 from the cocking
mechanism bushing by removing the spring pin.

UNDER
SIDE OF
BREECHBLOCK\

(15) Move the breechblock handle clockwise
and allow the pivot pin @ to disengage from the
alot in the breechblock and remove the pivot pin.

B |
-
J
) Rotat.e the sear @ slightly counterclock-
wise, removing pressure from the trigger lug. —d
Remove the trigger (3 . :*

(5) Remove the sear. If the sear aticks, inserta
finger ints the bored hole of the breechtlock and
push the sear out.

(6) Ivszert a finger into the sear hole and
remove the sear spring .

(18) Grasp the eyeboit with your left hand
and lift up on the breechblock. With your right
hand, move the handle@counterclockwise into
the locked position.

I‘J'o.te. Make sure the handle remains in locked -
doamon. h. Assembly of breechblock. To assemble the
- (17 Using both hands, lift the breechblock breechblock, reverse the procedure described in

completely out of the breech ring. &(1) through (6) above. Be careful not to confuse the

sear spring with the cockir s lever spring. The

4-25
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cocking lever spring is shorter in length than the
sear apring.
i. Installation of breechblock.

(1) Elevate the cannon to 500 mils.

(2) Release the operating handle clockwise
(Dto the open position.

(3) UUsing the eyebolt(2), insert the
breechblock into the breech ring frera the top, and
lower the breschblock until it rests on the carriage.
Remember to have a rag on the carriage while
doing this.

(! N\ () ﬁ‘mﬁﬁ

(.CK\_‘_‘\

y \ \ %\
(4) Install the left and rig .t extractor . mﬁ:i—\
assemblies(" . :

(5) Gras;. «he eyebolt with your left hand,
raise the breechbleck slightly and with your right (
hand turn the operating handle counterclockwise -
until the operating crank pivot@engages the slot
in the breechblock.

(6} Raise the breechblock until the extractors -
stop the breechblock.

(7) Trip the extractors by pushirng them
forward and close the breechiblock. ¥ -ure that the
latch is fully locked.

(8) 'emove the eyebolt,

(9) Slide the breechblock crank stop @bo the
left until it is secured by the detent (6). 4

""""""""""""
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(10) With a spanner wrench@, turn the
cloaing spring adjuster(8)counterclockwise until
the closing mechanism plunger(9)engages the

7

first, second, or third detent notch. The proper
notch engagement is determined by the spring
tension required for easy opening and closing of
the breechbiock.

) S— ———

(11) Inatall the percussion mechanism @ ,
spring , and retainer @ . Twist the retainer
1,600 mils in either direction to lock.

4-16. Safety Procsdures

When a weapon fails to fire, all personnel
concerned muat follow specific procedures,
depending on the type of weapon being fired and
the condition of the tube (hot or cold). The
executive officer must now the misfire procedures
and must apply the appropriate proceduresin case
of a misfire in order to afford maximum safety in
the firing battery. Malfunctions in the firing of

,%rtillery ammunition, such as misfires, hangfires,
~*.-and cookoffs, are defined and discussed ina and b

below. When authorized and properly maintained
ammunition is fired from properly maintained and

......

4-27

operated weapons, these malfunciions rarely
occur. T'o avoid injury {0 pergonnel and damage to
equipment, all persennel concerned must
understand the nzture of each malfunction and
the proper preventive & ‘d corrective procedures.
Figures 4-26 and 4-27 summarize misfire and
check firing procedures.

a. Definitions.

(1) Misfire. A misfire is a failure of a round to
fire after initiating action has heen taken. The
failure may b caused by a faulty firing
(percission) mechanism or a faulty eicment in the
propelling charge explosive train. A misfire in
iteclf is not dangerous; however, it cannot be
immediately distinguished from a delay in
functioning of the weapon firing mecianism or
fronn a hangfive. Therefore, a misfire must be
treated as a delayed firing until such a possibility
has been eliminated.

(2) Hangfire. A hangfire is a delay in the
functioning of a propelling charge explosive train
at the time of firing. The delay, though
unpredictable, ranges from 1 fraction of a second
to several minutes. Thus, a hangfire cannot be
distinguished immediately from a misfire.

WARNING: In the event ti.at a weapon fails
o fire, keep the weapon trained on the target. Have
personnel stand clear of the muzzle and path of
recoil.

WARNING: When firing is interrupted,

warmntra tha neaiasntila fram tha schamhbaor of o kat
ICTGUYY wal pail)e H 420 Tidalzinsnn wa @ 42U

weapon within 5 minutes of the time it was loaded
to prevent cookoff.

(3) Sticker. A sticker ia a projectile that is
lodged in the tube after the ¥eapon has been fired.
Stickers result from insufficient chamber pressure.

&) Cookoff. A cookoff is a functioning of any
or all of the explosive components of a round
chambered in a very hot weapon due to heai from
the weapon. The primer and propelling charge, in
that order, are generally more likely to cook off
than the projectiie or the fuze. If the primer or the
propelling charge should cook Af, the projectile
coula be propelled (fired) from the weapon with
normal velocity even though no attempt was made
to the fire the primer by actuating the firing
mechanism. Should the bursting charge explosive
train cook off, injury to personnel and destruction
of the weapon could resuit. To prevent heating to
the point at which a cookoff may cccur, a round of
ammunition that has been loaded into a hot
weapon should be fired or removed within 5
minutes. '

(5) Hot weapon. A hot weapon is cne in which
the tube and breech have been brought to a
sufficiently higl temperoature by previous firings
so that they can, in several minutes, transmit
enough heat to the round to activate ita explosive
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components., When & hot tubs condition exists,
specific loading procedures should be foilowed.
The executive officer is responsible for
determining whether a hot tuhe condition exists.
In making his decision, he takes into account such
things as ambient temperature, rate ~f fire,
amount of ammunition fired, and charge 1ired
Applicable general loading considerations are as
follow:

{a) Do not chamber a round until
immediately pri~r to firing.

(b) A chambered round in a hot tube must be
fired or removed from the piece within 5 minutes.

(c) If a rcund has been in a hot tube more
than 5 minutes and a misfire is not involved—

1. Remove the cartridge case immedi-
ately.

2. Evacuate all personnel to a safe
distance.

3. Request assistance from explosive

ordnance disposal (EOD) personnel. Release the
weapor {o ordnance if required.

(6) Check firing. Check firing is a commard

——

——— T ~ [ — -
™~ e 4 e Ty Y g g W e e

normally given by the battery executive officer,
however, in an emergency, it may be given by
anyone present, At this coinmand, regardless of its
source, firing will cease immediately.

b. Misfire/check firing preventive or corrective
procedures.

(1) TGeneral. Misfire and delayed firings are
not dangerous in themselves, however, two
conditicns hazardous to crew ard equipment can
develop if the proper correstive procedures are nct.
followed. First, in the cese ot either a delayed firing
or a misfire the weaper may unexpectedly fire. All
personnel should, therefore, stay .lear of the
muzzle and path of recoi. and the weapon should
be kept trained on the terget until the cartridge
case and propellant have been removed from the
weapon. Secondly, in the caee of a 1nisfire, if the
round is chambered in a hot weapon, the
possibility of a cookoff exists.

WARNING: If an explosive round cannot be
fired or unloaded from a hot weapon within 5
minutes after being chambered, personnei should
be evacuated from tne area and explosive
ordnance disposal (EOD) personnel notified.

COLD WEAPON MISFIRE

(W1)

(w2)

CLEARANCE TO FIRE (W1)

MAKE TWO

REFIRE

ATTEMP TS

——

YES. IRES?
c NO (W3)
CHECK PEACUSSION WAIT 2 MINUTES, UNLOAD
MECHANISM CANNISTER, EXAMINE PRIMER

NQ

!

[PR'MER FIREEJ

[ ves

i

AND REFIRE

REPAIR FIRING MECHANISM

Legend
C—Weapon cleared.

WARNINGS:

|

LOAD NEW CANNI® rER]

AND REFIRE !
o

W1—-Misfires must he ireated as hangfires until determined otherwise.
W2—iri the event of a misfire, keep waapon trained on target and keep all personnel clear of the muzzie and path
of recoi! until the cartridge case and propellant are removed from thie weapon.

W3- Evacuate unnecessary psrsonnel.

WA4—-DO NOT reuse projectilas that have been uinloaded from the weapon. —
Panciy
*Note. Powder and cannister will be saperated from each other. This is to prevent injury to personnel should -

the powder ignite.

Figure 4-25. Misfire procedures for a weapon wiich a cold tube firing semifixed ammunition.
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(2) Misfire—cold tube. After the howitzer faiis
to fire, actuate the firing mechanism two move
times in an attempt to fire the piece. Before each
additional at.empt to firc, the gunner recocks the
firing mechanism. If the weapon still fails to fire,
the chiof of section reports to the executive officer
MISFIRE NUMBER (so-and-so). The chief of
section then waits 2 minutes from the last attempt
to fire before he opens the breech--the cannister
wiil be tossed io the rear separating the powder
from the cannister to prevent injury to peraonnel
should the powder ignite—and inspects the primer
to exe if it has been dented. 1If the primer is not
dented, the firing mechanism should be repaired.

case with a new one and fires the weapoen. If the
execuiive officer dnes not wish to fire the round
after the 2-minute waiting period, the projectile
muat then be removed from the tube. The
breechblock shonld be closed and rage should be
stuffed into the powder chamber to cushion the
shock of the projectile. Using the bell rammer to
avoid damaging the fuze. the cannoneer pushes
the round out of the rear of the tube. A common
cause of misfire with a 105-mm howitzeris that the
breechblock is not fully closed. This will cause the
firing pin to miss the primer. Broken or bent firing
ping will cause misfires, as will wet powder or a
faulty primer. Figure 4-26 outlines misfire

P

IR WO R I S

If the primer is dented, he replaces the cartridge procedures for a weapon with a cold tube.

HOT WEAPON
MISFIRE
(W1) (W2) (W3) (We)

RPN YO

CHECKFIRING T CLEABANCE TO FIRE (W3)

e

l

PPN

WEAPON UNLOADED | YES MAKE TWC
VITHIN 5 MINUTES [(W5) REFIRE ATTEMPTS
NO c €
YES FIRES?
1.
NO
r'SPUSE OF AMMO CHECK WAIT 2 MINUTES
S ANU FIX PERCUSSION PERCUSSION UNLOAD CANNISTER
w MECHANISM, IF NEEDED MECHANISAY EXAMINE PRIMER
,___E_ﬁ_‘Y PRIMER FIRED-L—NQ—W

REPLACE CANNISTER
EVACUATE PERSONNEL AND REFIRE WITHIN MECHANISM, FIRE/
AND CALIL EOD 5 MINUTES OF UNLOAD WITHIN S
. - CHAMBERING INUTES OF CHAMBERIN

REPAIR/RELEASE FIRIN

[ FIRED OR UNLOADED IN 6§ MINUTES 1

NQ I YES c
| [ (W5)

IF WEAPON NOT CLEARED WiTHIN 5§ MINUTES, EVACUATE ALL PERSONNEL
TO ASAFE DISTANCE, KEEP LLAID ON SAFE DATA, NOTIFY EOD FOR
PROJECTILE REMOVAL.

Legend
C—Weaspon cleared,
WARNINGS:

W1.—All projectiles chambered in & hot tube shouid be removed from the weapon within 5 minutes.
W2—in the event a projectile is chambered in a hot wespon and cannot be removed within b minutes, evacuste
ail personnel and notify £0D for projectile remeval.
W3- -Misfires must be treated as hangfires untii determined otherwise.
W4—in the event of 8 misfire, keep weaypon trained on target and keep all personnel clear ot the muzzle and path
- of recoil until the cartridge case and propellant are removad fro:n the weapon.
“""\ WE—DO NOT rause projectiles that have been unloaded from the weapon.

D
A
1
-1
¥
4
0
N
-
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Figure 4-27. Misfire procedures for a weapon with a hot tube firing semifixed ammun.tion.
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(3) Misfire—-hot tube. After the howlizer fails
to fire, actuate the finng mechamsm two more
times in an attempi to fire the piece. Before each
rdditicnal attemipt to fire, tl.e gunner recocks the
firing mechanism. If the weapon still fails to fire,
the chief of section reports to the executi  officer
MISFIRE NUMBER (so-ar.d-s0). The aief of
se tion then waits 2 ininutes from the last attempt
tc fire before he opens the breech (see note, fig
4-28), romoves the cartridge case, and ingpects the
orimer (o aee if it has been dented. If the primer is
not derited, the firing mechenism should be
repaired. If the primer is dented, he replaces the
cartridge csse with & new nne and fires the
weapon. The ahove procedures must be
accomplished withir 3 minutes after loading; if the
weapon cannot be fired or unloaded within 5
minutes the following procedures are followed:

{a) Evacuate all personnel to a safe
distance.

(b) Request sssistance from explosive
ordnance disposal personnel. Release the weapon
to ordance if required. Figure 4-27 outlines hot
tube misfire provedures.

4-17. Cradle Assemnbly

The cradie assembly (i‘em 9, fig 4-1) holds the
recolling parts of the tube. The sleigh assembly,
which is attached to the yokes, slides in the
gunways of the cradie during firing, and thus
allows the recoiling parts to recoil and
counterrecoli. The yunways and the rails of the
sleigh ussembiy are made of nonfriction metal;
neither component should ever be lubricated.
Pericdic applicatior of a solid~film lubricant to the

4-78. Purposy, Types, and Components of
Recoil Machanism

a. Type of reccil mechanism The recoil
mechanism employed or: the towed 105-mm
howitzer M102 iy of the hydropneumaeitic, variabie,
dependent type with floating piston., An
explanation of this nomenclature follows:

(1) Hydro means that a liquid is ueed: this
liquid is recoil oil. Recoil 0il 18 a petroleum-base
hydraulic flbid. There are presently three types of
ceacil o1l (OHT, CHA, and OGHE) authorized for use
in field artillery weapons. OIJT is the preferred oil
because it provides greater protection against
corrosion. The oiis can Y mixed; however, mixing
should be avoided if possibie, since it -~y tend to
dilute the protective additives of one or rvore of the
oils. A recoil mechanism that containa anzixture of
oile should be drained and refilled with the
proferred GHT a¢ 3001 as it bscomes available. All

thres cils are red iy color and have a temperature .

-~ . Ce e Do

ratis s not neceysary.

a. Cradie travel lock. The cradle iravel lock is . -

located on the underside of the cradle and is -
designed io relieve stress on the elevating
mechanism during trsvel.

b. Airborne operations. The tube can be slid out
of battery for airhorne operations. When this is
done, the out-of-battery Joclung pin must be
engaged through the side of the cradle into the
sleigh assembly.

¢. Maintenonce problems. Korea-based units
have reported that snow and ice accuinulate in the
M102 cradle during iractive periods. Later, when
this weapon is fired, the snow and ice are
compressed and tis precludes the weapon from
returning to the full in-battery position. This, in
turn, causes a separsiion between the firing
mechanism pawl and the breech firing plunger,
which prevents the weapon from being fired.

(1) Investigations have confirmed that this
problem can ocrcur when any type of foreign
material gets into the cradle. Foreign material is
most likely to enter the cradle during inactive
periods or road travel. However, further
confirmation of this problem is required from you,
the user. If you have experienced this problem,
submit an equipment improvement report. On the
basis of your input, Armament Command

engineers will determine the best method of- -

resolving this problem.

(2) To prevent the acrumulation of foreign
material in your weapon, ycu should tie a piece of
canvas around the cradle during inactive periods
or during road travel.

Section IV. RECOIL MECHANISM

range of operations from -65° F to +150° F. The
total capacity of the recoil mechanisin is
approximately 10 pints, including the reserve.

(2) Pnevmatic means that a gas is used.
Nitrogen gas is used because it can be highly
compressed without exploding will not corrode the
metal parts, and is readily vailable. The
recuperator is precharged with niirogen pressure
of 1,150 pounds per square inch at 70° Fahrenheit
(amabient teinperature).

{3) Variable means there ia a mechanicul
method of varving the length of recoil. This
eliminates the need for digging a recoil pitin order
to fire at high angles of elevation. Under normal
operating conditiona, the length of recoil can vary
from 30 inches to 50 inchss. -

P
(4) Dependent - :eans that there is a liquia .-
connection for the . ow of recoil nil between the

recoil end recuperator cylinders.
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(6) Floating piston wieans that a free piston
eeparates the liquid from the gae in the recuperator
cylinder. The diaphragm portion of the floating
pision formsa a movable, liquid-tight, gastight
seal.

0. Purpose of the recoil mechanism. The
purposes of the recoil mechanism are-—

(1} To stop the recoiling parts. The recoil
ruechanism muest shsorb and control the rearward
thruat of the weapon without excessive
displacement of the carriage or excess:ve shock.
Thig action is accomplished by the thiottling of oil
through the orifice (d below), the compression of
the nitrogen gas, and the friction of the moving
parts.

(2) To return the recoiling parts. The recoil
mechanism causes the recoiling parts to retura to
the in-battery position by the expansion of the
nitrogen gas that is compressed in the recuperator
cylinder during the :ecoiling phase (d below).

(3) 7o przvent shock. The recoiling parts must
be returned to their in-battery positions without
excessive shock. Th:s is accomplished during the
last few inches of counterrecoil by a counterrecoil

1—Recoil cyiinder
2—~Breather valve
3—Recoil piston
4—Recoil piston rod
5—Recoil oil
6—Stuffing box
7—Cradie gap
8—Recoil piston rod nut
9—Cotter pin
10—Second yoke
11—Connscting oil passage
12-—Recoil slsigl assembiy
1..— Qil index indicator

buffer. IMuring recoil this function it aceornplished
by the gradual throitling of recoil oil, the
compression of nitrogen gas, and the friction of the
moving parts.

(4) To hold tie rccoibing parts. The howitzer
tube must be held in the in-battery position and at
all angles of elevation. This is accomplished by the
reserve oil located between the floati~g piston and
the regulator assembly in the recuperator cylinder
(d below). It insures that consiant pressure from
the nitrogen gas is applied to the front of iherecoil
cylinder to hold the tube in the in-battery position.

c. Components of the recoil mechanism. 'The
major components of the recoil mechanism (fig
4-28 and 4-29) are the—

(1) Recoil sieigh assembly. The recoil sleigh
assembly houses and supports the recuperator
cylinder, the recoil cylinder, and the cannon, The
sleigh includes four yokes that hold the parts
together and two raiis that slide 'n the cradie to
guide and support the recoiling parts. The breech
is screwed into the rear yoke and the cannon is
supported by a bearing in the front yoke and a
locking ring in the second ycke. The second yoke
also contains the oil filling valve.

14—Recuperator

15—0il return ports
16-—0il passage.
17—Regulator
18—Control rod
19—Variable depth groove
20-—-Orie-way valve
21—Throttling orifice
22— 01 reservae
23—Diaphrggm
24--Floating piston
25—Nitrogen gas
25—Hitrogen filling valve

Figure 4-28. Hydropreumatic variable dependent recoil mechanism (componenis).
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which fiills the regulwior body anc

the regulator.

pasi the p'ston rod.

1—Trunnion adspters

2—Controi Cam

33— Cam actuating levsr {with variable racoil
mechanism rotlar)

4—-Cam levar tube

6—Rotating shaft sye bracket

8-—Raii sgsembly link

. -.\. R

(2) Recaperator cylinder. The recuperator
cylinder (fig 4-28) contains compressed nitrogen
gas between the floating piston a1 the rear head.
The front part of the cylinder cont.ains record ml,
the space
between the floating piston and the regulator. The
front head contains the oil index indicator rad and
the variable recoil housing. A control rod 1s
connected to the floating piston and slides within

(3) Recoil cylinder. The recoil cylinder (item 1,
fig 4-28) contains recoil oil, which can pass back
and forth between the recoil cylinder and the
recuperator cylinder by means of connecting
paxsages. A ~ecoil piston, which is gecured to the
cradle by 4 piston rod, holds this oil and separates
it from air, which 1ilis the rear portion of the
cylinder. A swuffing box prevents leukage of oil

(4) Varizole recoil actuator. The varviabie
racoil actuativg mechanism (fig 4-2¢) is a
coraponert of the carriage and is ce mposer of
coniro]l cam, 8 cam lever tube, a rail and plate
swsembly, a rail support srm, 8 cam sactuating
Jever, 20 arm link, & variable r. 2o0il mechanism
arm, and assembly linke. The cam is secured to the
loft trannion cap and is linked to therail assembly
by an adjustable connecting rod. Two pivoting

LIRS Wi L LAA‘-_. L N G L S

gupports (brackets, pina, and links) are used to
suspend the rail above the carringe -rudie, The
arin conneets the rail assembly with the slams
arm through a knuckie joint AITANZNHC . The
variable recoil mechanism 1s splincd to ihe
recuperator regulator housing.

d. Functioning of the recoil mechanisn:.

(1) Actioriinrecoil. When the howit zevis fired,

the force of the expanding gas propeis the
projeciile out of the bore. Thie sar.e forcc nisn
reacts againet the breechblock and forces the
recoiling parts rearward, except for the recon
piston in the recoil cylinder. The piston is heid
from recoiling by the piston rod, which is secured
to the front of the cradle by the recoil pi: ton vod
nut. As the sleigh moves back in recail, tize recoil
oil in the recoil cylinder is forced through the o
passage into the regulator body of the recuperator
cylinder. The regulator body contains a on=-way
valve and a throttling orifice through which the oil
passes, and it acts upon the floating piston
diaphragm in the recuperator cylinder, forcing it
tn the rear, further counpressing the nitrogen
behind the floating pieton. As the floating piston
ri:ees to the rear, a control rod thatia fastenc §to
the diaphragm is drawn through the theoitling
orifice. Tha urea through which eil can fiow is then
reduced by throttling the oil gradusally threnagh

w’
7—Rail and plate assenbly
8--Rolier support
9—Actuating rail support arm
10-—Arm link
11---Variabla vecoil mechanism arm
12--Regulator
1 3--Recuperator
o

Figure 4-28. Variable recoil actuating mechanism (components). e
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variable depth grooves until the remaining energy
of recoil is unable to force the oil to the rear. At that

-+, time, since the resiatance 18 equni to the force,

7 further motion is 1impossible and the 1ecoiling
parts are brought to rest. Asthe weapon iselevated
or depressed, the cam follower is actuated. This
actuation causes the regulator body to turn. The
turning of the regulator body regulat-s the
opening of the il passage and determines the
length of recoil. The energy of the recoiling partais

— PISTON ROD LOCKING NUT

principaily exhaasted o the process of forcing the
otl through the vartable depth grooves. Some f the
energy, however, 15 apent in compressing the

nitrogen gas ard in overcoming the combined
friction of all moving parts. Figure 4-30 shows the
flow of oil {rom the recoil eylinder through the
regulaior and the subsequent pressure againat the
floating piston, which compresses the nivrogen
Ris.

(HOLDS PISTON ROD STATIONARY)

Figure 4-31.

4-33
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Variable dependvnt recoil systern during counterrecos! action.
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(2) Action in counterrecoil. When therecoiling
parts are brought to rest at the end of recoil, the
unbalanced force of the greatly mmprcsaed
nitrogen gas forces the floating piston and
diaphcagm forward, pushing tha recoil oil back
through the regulator into tae cylinder against the
back of the recoil piston. Since the recoil piston is
stationary, the force is transmitted to the front
inside face of the recoil cylinder, and the recoiling
parts are thereby pushed back to the in-battery
position (fig 4-31).

(3) Recoil and counterrecoil without shock.
During recoil the oil is throttied gradually through
the variable depth grooves. Because the grooves
are tapered, the flow of 2il is diminished without
shock. The long variable depth grooves are deepest
where the short grooves terminate; this
contributes to smooth recoil action at low angles of
elevation. Friction of moving parts and
compression of the nitrogen gas also contribute to
recoil action without shock. During counterrecoil
the one~way valve is shut by the pressure of the
returning oil as the solit rings around the valve
form an oiltight seal. The oil is then forced to
return through a groove iocated inside the
regulator. As this groove tapers toward the front of
the regulator, the oil flows moxe slowly and the
tube eases back to the in-battery position.

MAXIMUM RECOIL POSITION |

e

MINIMAUM RECOLL. POSITION
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(4) Variable recoil mechanism. The variable
recoil mechanism (fig 4-32) provides the weapon
with 8 means of shiortening recoil length at high
angles of elevation. Ar the tube is elevated, the
roller tracks ailong the cuntrol cam, which pivots
toward the rear of the weapun. The tube and the
rail and plate assembly form the link between the
le- r and the roller support. As the roller support
pulis the support arin and arm link to the rear, the
mechanism armn is rotated downward, forcing the
regulator to turn. As the regulator turns, the
throttling orifice is gradually rotated so that it
disengages the long variable depth grooven. From
0 to 178 mils the length of recoil is 50 inches; from
178 to 711 mils the length of recoil varies; from 711
to 1,333 mils the length of recoil is 30 inches.

(5) Oil index and oil reserve. The recoil
mechanism is designed to operate properly when
the correct recoil oil reserve is forced into the
system so as to separate the floating pision
diaphragm from the regulator and thereby
transuiit the pressure of the nitrogen gas through
the floating piston to the oil column. The pressure
of the recoil oil acting on the recoil piston holds the
recoiling parts in the battery positicn. An
insufficient oil reserve may allow the cannon to
fall out of battery at high elevations. The correct
recoil oil reserve exists when the end of the oil

THROTTLING ORIFICE
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index indicator rod is flush with the front face of
the recuperator cylinder front head (1’4 screw
fillers 6 0z). Whenever the amount of reserve oil is
less than that prescribed, a rod attached to the
diaphragm moves forward with the floating piston
diaphragm and causes the indicator rod to
protrude, indicating insufficient reserve oil. The
oil reserve is low when the indicator rod protrudes
more than 3/10-inch froin the regulator housing,
and the weapon musi not be fired. On newer model
M1028 a red scribe line on the index indicates
3/1€ -inch.

Notc. Sufficient operaling reserve vil is present
when the indicator rod protrudes 3/16-inch from
the regulator housing; however, proper oil ceserve
ciould be reestablished at the first opportunity.

e. Maintenance of the recoil mechanism.

(1) Todrainthe oil reserve. Place tube at 0 mils
elevation. To drain tl.c oil reserve (fig 4-33) remove
the filling plug with & suitable wrench. Connect
the fillin~ and drain hose to the liquid-release tool,
insert the tool into the fiiling hole, and
hand-tighten it. Using a suitable wrench, further
tighten the tool until the reserve oil spurts outin a
stream. In checking the reserve oil before firing,
drain only enough oil to cause the oil index
indicator rod to protrude slightly and catch the oil
in & suitable receptacle. For complete draining of
oil reserve, allow the oil to spurt out until the flow
stops. Inspect the oil for evidence of water, air, or
nitrogen.

N PO -
mu—w-! 2.

LIGYID RELEAE TOOL - .

-6?6(5:

Figure 4-33. Draining oil reserve.

(2) To fill the recoil oil gun. To refill the rvecoil
oil gun, turn the handle counterclockwise until itis
screwed completely back, locsen the locking screw
on the head, and remove tlie handle and head as a
unit. Pour oil directly into the barcel of the gun,
avoiding the formation of air bubbles. Replace the
handle and head as a unit and tighten the locking
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screw. Remove the cap from the nozzle head, hold
the nozzle end up for u minute or two until all airin
the oil has risen to the surface, and purge the gun
hy turning the handle until no more air bubbles
appear at the nozzle end.

(3) To reestablish the oil reserve. To
recstablish the oil reserve (fig 4-34) screw the
nozzle of the gun into the filling hole, taking care
not to cross the threads, Before tightening, turn
the handle and force out any air in the filling hole.
Operate the gun with both hands and avoid any
lateral pressure, which might possibly break the
threaded nozzle. When the oil index indicator rod
shows a full reserve, unscrew the gun and install
the filling plug.

(4) Troubleshooting recoil malfunctions. if
the tube slams out of battery, normally the recoil
oil level is low; if the tube slams into battery, the
recoil oil level is probably too high. Jerky motion
during recoil indicates either a dirty sleigh
assemnbly or emulsified o1l. To check emulsified oil
(which is pink in color), pour some into a container
and let it stand. If the bubbles dissipate, air is
mixed with the oil. Drain the oil and reestablish
the oil reserve, If the bubbles do not dissipate,
nitrogen is mixed with the oil, Contact support
personnel, If recoil oil leaks at a rate of three drops
per minute, refer the weapon to support
maintenance.

RECO&L ON. GUN ~ - .
4930-550»&661 -

Ol FILLING [HOL

Figure 4-34. Establishing oil yeserve,

(6) Variable recoil actuating assembly
problems. The hardware that compcses tiie
variable recoil actuating assembly (fig 4-35) hasg




been & constant source of problems for Mi02
crewmen. Three components are of immediate
concern to M102 users.

(a) First is the variable recoil shoulder boit
(item 1, fig 4-35). Investigations and reports from
the field indicate that the ghoulder boli has a
tendency to vibrate loose and then shear during
firing operations.

1. Plans are to replace the bolt with a bolt
and self-locking nut. This modification is
currently being wccomplished in the overhaul
program. Direct support uniis are being made
aware of a field fix so that, if the shoulder bolt on
any of your weapons f&ils, your DSU can repair it.

2. In the meantune, you should insure
that the bolt now in use rcmains snug. After
tightening the bolt, miake sure that the actuating
raii support arm moves freely. You must also check
the Allen-type setscrew used in corjunction with
the bolt now in use. It should be tight and staked,
Painting over this setscrew will make itdifficnlt to
check for tighiness and staking.

{b) The second item of interest on the M102
variable recuil actuating assembly is the variable
recoil machine bolts (item 2, fig 4-356).
Investigations and field reports have revealed that
these bolts will also vibrate loose and then be
sheared during firing operations.

1. This problem has becn attributed to
improper timing of the variable recoil system and
failure of the bolthole threadsin the cradle. Timing
ip a function of diract support units, and the proper
timing procedure is prescribed and emphasized in
change 6 of the direct support maintenance
manual, TM 9-10156-234-35. So that the user can
insure that the recoil mechanism is properly timed,
a check of receil timing will be incorporated into
the neat revision of the user’'s manual. As for the
failure of the bolthole threads in the cradle, M102
maintenance engineers have developed steel
inserts for the boltholesin the cradle to prevent the
bolts from stripping the threads. Currently, these
steel inserts are to be applied only at overhaul
facilities. Plans are to maxe a field fix available to
direct support units so thai they can repair the

TrHE TIMING CHACK 19 DLECHRIBED 1A PAR RaPd 90
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Figure 4-35. Variable recoil actuating or assembiy with timing check procedures.
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boltholes when the bolts strip the threads.

2. In the meantime, you should make sure
that the machine bolts are sufficientlv tight during
firing of the M102. Bolts must not b too tight or
they will ctrip the threads in the boltholes. Also,
you shouid check to see that the recoil mechaniem
is properly timed according to the proceduresin (c)
below. (Theae procedures will be incorporated in
the next revision of thie user's manual.)

(c) Variab.  recoil actuating assembly
timing check. The timing check of the M102
variable recoil actusting ascembly should be
performed as follows:

1. Depress the cannon to 0 miis elevation
and insure that the center punchmarks are
between the ranges indicated by the painted area
for 0 to 178 mils (fig 4-35).

Note. Throughout this entire check of the
veriable recoil mechanism, the groove on the
eplinod shaft should remain alined with the center
punchmarks on the receil contrml arm.

2. Elevate the cannon to 178 mils and
insure that the center pun hmarks are betwean the
rangee indicated by the painted area for ¢t to 178
mils.

3. Elzvate the cannnon {o 533 mils and
snaure that the center punchmarks are between the
ranges indicated by the paintzd area for 533 mils to
711 miils elevation.

4. Blevair ithe cannon i0o maximuin
slevation and checi the following:
{2) The center punchmarks should be
hetivsen the ranges indicated by the painted area
for 533 mils to maximum elevation.
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(b) A clearance of 0.020 to 0.040 inch
should exist between the r-coil control arm and the
recoil control arm stop.

5. Repeat the steps presentedin 1through
4 above.

6. If the variable recoil actuatoy
mechanism does not perform as indicated, the
mechanism is improperly timed and should i:e
turned into direct support maintenance for repair.

(d) Cam follower ring. The last item of
interest on the variabie recoil actuator assembly is
the cam follower ring (item 3, fig 4-35). Reports
fro1n the field indicate that the ring deteriorates or
breaks during firing and thus causes
malad;ustment of the howitzer variable recoil
system,

1, Cam follower ring deterioration has
been attributed to either improper lubrication or
improper timing of the “ariable recoil actuaior
m:.chanism.

2. At this time, the problem with the cam
followerring can be corrected only by you, the veer.
As pointed out in (c) above, you can check to sezif
the recoil actuating assembly is properly timed. If
it ia not, turn in the weapon to the DSU for
adjuetment. As for the lubrication problem,
Armament Command engineers have prepared a
change to the lubrication order which wili be
published shortly. It requires th. user to lubricate
all moving parts of the recoil actuating assembly
daily with general-purpose lubricating oil when
itie weapon is being fired daily. Thess moving
perts include the arn linkage, actuating rail
support arm. needle bearing cam follower, rail
assernbly links, camn actuating lever, control cam,
and cam follower ring.

Section V. FIRE CONTROL EQUIPMENT

4-19. Sighdng and Laying Equipmont

Sowe of the common {erms relating to sighting
nnd laying equipment are defined in a through i
Leiow,

%. Fire corntrol insirumenta—Include both on-
and oif-carriage instrumenis. Un-carriage fire
coutre] instrumenis are these that are of built-in
desigr or areplacad on the weapon by the gun crew
und smve the purpose of laying the weapen in
defiection and/or elevation. Such instruments se
the panoramic telsscope, range quadrant, elbow
telowcope, and g anner’s quadrant are nn-carriage
squipment. The aiming circle, battery
commander’s telsscope, and M2 compass are
sxamples of off-carriage control instruments.

b. Trajectory—The curve deacribed by the
center of gravity of a projectile in flignt. The

4-37
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trajectory has two elem-nts that are controlied by
sighting and lasing equipment—the vertical
angular measurement and the horizontal angular
meesurement.

¢. Reticle—A measuring scale or mark placedin
the focus of an optical instrument. Somne reticles
have graduations that allow small angular or
range meagurements to be made whilethe operator
looks tlirough the instrument.

d. Sighiing—The process of directing a line of
sight toward an aiming point.

e. Referring—The process of moving the line of
sight to an object without moving the tube. The
purpose is to determine the angular distance from
the line of fire or rearward extension of the live of
fire to the designated object.
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f. Laving-~The process of pointing the tube of a
weeapon in a given direction for a given range.

8. Indirect fire—Fire from a weapon that is laid
by sighting on a point other than the target.
Normally, the target and weapon will not be
intervisible.

h. Direct fire—Fire from a weapon that is laid by
sighting directly on the target.

i. Cant—The tilting of the trunnions of a
weapon out of the true horizontal plane. Cant
causes the tube to travel out of the true horizontal
plane in traverse and nut of the true vertical plane
in elevation. Cant is slways present if the
trunnions of a weapon ara not level,

4-20. Fire Control instruments
a. Panoramic telescope M113A1l.

(1) The panorsmic telescope MI113A1 (fig
4-36) is the basic instrument used in laying tne
vseapon in direction. A 1,600 mil prism, reticle, and
the objective lenses are mounted rigidly with
rvepect to one another in & rotating aszembly that

LIGHT

/
RESET COUNTER

LICHY RECEPTACLE

ELEVATION KNOS
LIGHY PROJECTOR RECEPTACLE

minimizes “reticle shift.” Azimuth readinge aie
made from a mechanicai mil counter unit.
Included is & reset counter that can beset to show a
reading o1 3,250 mils without changing the line of
gight of the telescope. This permits all weapous to
have a common deflection even though the
collimator for each piece is placed at a different
referred deflection. The panoramic telescope
M113A1 is a 4-power, fixed-focus telescope with a
178-mil field of view. It is mounted directiy to
telescope mount M134A1.

(2) A parallax shield is hinged to the top edge
of the rotatable head. The shield may be closed
over the front of tnesight to protect thelens during
travel. During boreaighting and certain other
tests, the shield is also closed. Closing the shicld
will allow only a minute ray of light to enter the
telescope and therefore reduces the problem of a
“"moving” sight picture (parallax).

(3) The elevation knob located on the top of
the rotatable head is used to raise and lower the
line of sight. The range of the elevation knob is
from -300 mils to +300 mils, but no determination

BOREBIGHT
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GUNNER'S AID KNOB

GUNNER'S AID COUNTERS
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Figure 4-36. Panoramic telescope M113.
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of vertical angles can be made with this
mechanism.

(4 A light projector is located on the sight of
the rotatable head. Originsally, the device was
designed for illumination of aiming points, but ite
effectiveness is minimal.

(6) The azimuth knob is used to turn the
rotatable head and thus move the line of sight.
When the azimuth knob is turned, values on both
the azimuth counter and reset counter change. We
may utilize the slow motion by simply turning the
knob itself or the fast motion by extending the
cank that should be used to avoid turning the
knob too fast and wearing out the internal gear
train.

(6) Also located on the body of the azimuth
knob is a bar kncb, which may be rotated to one of
two selector positions: direct fire or indirect fire. If
the bar knob is rotated to the indirect fire position,
the gear train will click once for every mil the
azimuth knob is turned. If the bar knob is rotated
to the direct fire position, the gear train will click
once for every 5 mils the azimuth knob is turned,
thus enabling the gunner to lead a target by 5-mil
increments without looking at the azimuth scale.

(7) The azimuth counter ie marked every %
mil, n‘imbered every mil from 0000 to 6399.75, and
the reading on the counter reflects the true

.*. deflection measured to the line of sight from the

rearward extension of the line of fire. The azimuth
counter is the upper digital counter on the sight.
When the azimuth counter reads 0000, the line of
sight should be parallel to the rearward extension
of the line of fire; when it reads 3200, the line of
sight should be parallel to the line of fire. The
azimuth counter is used for laying, for emplacing
aiming points, for referring to alternate aiming
points, for boresighting, and for direct fire. These
functions will be discussed below.

(8) The reset counter (marked every % mil,
numbered every 1 mil from 0000 to 9999.75) is the
lower digital counter on the sight. It is designed to
give the user the capability to read an artificial
value that coincides with the readings of ail other
panoramic telescopes within the battery. Pushing
the reset counter knob in and turning it until it
pops back out resets the counter to read 3200 mils.
This action does not affect the azimuth counter. So
for any direction the line of sight may be pointed
we may give it an artificial value of 3200 mils. The
reasons will be made clear in (9)(f) below. The reset
counter is used in indirect fire for determining site
to crest, and as an aid in putting out azimuth
stakes.

(9 Functions of the azimuth counter and reset

-5 counter are described beiow.

fa) Laying. Because the azimuth counter
shows the true deflection from the rearward
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- ziansion of the line of fire to the line of sight, it is
1 to lay the weapon.

(b) Aiming points. After the weapon has
been laid, the gunner will turn the azimuth knob
until the line of sight is pointed where the primary
aiming pcint is to be emplaced. He will direct the
cannoneer to empluce the collimator/aiming posts
for the proper sight picture, ané then he will record
the deflection to that aiming point. The same
procedure is used for emplacing the secondary
aiming point,

Note. This stepis accomplished without mioving
the tube off of the azimuth of fire.

{v) Referring. After alternate aiming points
have been selected, the sight may be turned to
them to read the deflection from the azimuth
counter. Referring simply means obtainivg a
delt)'leection to a given point *vithout moving the
tube.

{d) Direct fire. If the weapon has been
properly boresighted, the azimuth counter can be
turned to defiection 3200 and the gunner can sight
directly on a target that he plans to engage with
direct fire.

(e) Boresighting. When the weapon is laid,
actually the executive officer is laying the 0—3200
line of the sight instead of the tube itself. Because
the 0—3200 line of the sight and the line of fire may
not be parallel to each other, : he weapon must be
boresighted. This procedure is discussed in
paragraph 26. Basically, when the azimuth
counter shows deflection 3200, the line of fire and
the line of sight must be paraliel to each other.

(f) Reset counter.

1. Indirect firc. After the aiming points
have been emplaced, the gunner insures that the
tube is still on the azimuth of fire and turns the line
of sight to the primary aiming point. He will then
turn the reset counterknob until it pops out and
deflection 3200 is on the reset counter. After he has
insured that the true deflection to the aiming point
is still on the azimuth counter, he will rccord that
value and ciose the hinged door over the azimuth
counter. Since all gunners within the battery will
have done the same thing, each tube will be on the
azimuth of fire and each reset counter will show
deflection 3200 to the pritnary aiming point.
Therefore, the FDC will now send fire commands
in relation to deflection 3200. If the battery is to fire
300 mils to the left of the azimuth of fire, deflection
3500 is sent in the fire command (LARS rule). The
reset counter enables all weapons to receive the
same fire command with relation te a commeoen
deflection of 3200 mils even though the primary
aiming points of all the weapons were not
emplaced at the same true deflection. If the
primary aiming point were rendered unserviceable
the gunner would simply open the hinged dcor

d

PR 1 AP S




over the azimuth counter, turn to the deflection of
his secondary aiming point, reset the reset counter,
and close the hinged door. At this time he could
place the defleciion from the next fire command on
the reset counter enc take up the proper sight
picture on the secondary aiming point.

2. Site to crest. The chief of section will
determine what obstructions in front of his
weapon may limit his field of fire. He wi!l have the
gunner traverse the tube to the direction of t:he
obstruction and then determine the deflection with
respect to the azimuth of fire. The gunner will
si.nply refer the line of sight to the primary aiming
point, and read the deflection from the reset
counter to the chief of section.

3. Azimuth markers. Azimuth stakes are
indicators that show the cardingl directions 6400,
1600, 3200, and 4800. T» emplace the stakes, the
gunner first determines which cardinal gliregtmn
is closest to the line of fire. If the weapon is laid on
azimuth 1400, the closest cardinal direction is
1600. The gunner then turns the line of sight to
that cardinal direction. By uaing the azimuth
scale, he can turn to deflection 3400 which is 200
mils past the line of fire in a clockwise direction.
This is also 200 mils in a clockwise direction past
azimuth 1400, ox azimuth 1600. The gunner then
directs the cannoneer to empiace the 1600 azimuth
markez, closes the azimuth counter door, and
resets the reset counter to 3200. If 3200 on thereset

Lo r-u,c‘-urfl—m -
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M52 light instrument illuminates the counter

scales

>

MS53 light instrument illuminates the Pantel

Clamp assembly

counterisnow pointed at azimuth 1600, the gur.uer
turns the line of sight to deflectiun 4800 and has ‘
the 3200 azirauth stake emplaced. As the line of - N
sight is turned to deflections 6400 and 8000, the .
gunner hasthe cannoneer emplace azimuth stakes

for 4800 and 6400 respectively.

(10) Opposite the azimuth and reset coanters
are two small ganner’s aid counters. Ry turning
the gunner's aid knob, the gunner can place
special corrections on the sight. If the F3C wants
the weapon to continuously {ire 16 mils to the right
of the azimuth of fire, the gunner's aid knob is
turned until a 16 appears in the R (right) gunner'’s
aid counter. This will cause tl'e numbers in the
reset counter to increase by 16 mils without -
moving the line of sight. In order for the gunner to .
fire the deflection announced in the fire command, i

dad ol

he must use the azimuth knob to decrease the
setting on the reset counter by 16 mils and thus
force the tube 16 mils to the right of the azimuth of
fire. The maximum correction that can be applied
to the panoramic “elescope varisg but is normaily
approximately 55 . ils. If the corrvection is to
exceed that amount, the FDC will have to
announce in the fire command a gpecial deflection
to that weapon. Special corrections are placed on
the sight before the deflection in the fire command
is applied. Corrections are taken off before the
panoramic telesccpe is referred to 3200 to return to
the original azimuth of fire.
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(11) The night lighting devices will be
installed as sliown in figuie 4-37. The newer
weapons have radioactively illuminated sights
and mounts. '

(12) The telescope has four position settings
for the convenience of the gunner, and the
telescope should be parallel to the body of the
wespon during travei to prevent it from catching
on ohstacles and breaking. Other components of
the panoramic teleascope will be discussed in later
paragraphs.

b. Telescope mount M134. Telescope mount
M134 (fig 4-38) provides an adjustable base for
leveling the panoramic telescope M113. The mount
ig installed on the left trunnion. The mechanism of
the telescope mouni M1341is essentially 2 "Hook's”
universal joint that makes possible adjustment of
the vertical axis of the panoramic telescope to
plumb regardless of pitch or cant (within the range
¢ 178n.; oi' the weapon. The mechanism also
contains a gun bar pivot that is maintained
parallel to the weapon tube at all times, since it is
mounted directly on the weapon trunnion. This
gun bar pivot serves as a reference about which the
mount is adjusted to compensate in azimuth for

PITCH LEVEL VIAL .
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the effects of trunnion cant. The mount prevides a
vertical support for the panoramic telescope to
provide true measurements of weapon azimuth,

r. Fire control quadrani MI4. The fire control
qusdrant M14 (fig 4-39) which 5 mounted on tae
rignt-hand trunnion, is used for adjustment of the
weapon in clevation. Fire control quadrant M14 is
equipped with a mechanical mil counter for
elevation readings. By turning the elevaiion knob,
the assistant gunner can place the announced
quadrant elevation on the elevation counter. He
then elevates or depresses the tube to level the
bubble in the longitudinal leveling vial and thus
lays the weapon for quadrant elevation.

(1) Gunner’s aid counters. The gunner’'s aid k
counters function similarly to those on the M113
panoramic telescope. By turning the gunner’s aid :
knob, the assistant gunner can place a positive or —~
negative correction on the counters. If a positive ’
correction is placed on the counter, the elevation 1
counter digits are decreased; this causes the i
weapon to be elevated even more to achieve the
announced quadrant elevation. Corrections are 1
placed on the gunner's aid counters before the
announced quadrent is placed on the fire control
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Figure 4-38. Telescope mount M134. o
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quadrant; they are removed before the weapon is
r«turned o the origingl elevation of lay.

(2) Elbow telescope mouni. The mount for the
M 14 direct fire telescope is located on the top of
the Mi4. Installation of the direct fire telescope is
discussed in paragraph 22b.

(3) Lighting devices. Emplacement of the
lighting devices is shown in figure 4-44. A toggle
switch located underneath the correction scale is
used to turn the counter lights on and off.

(4) Quadrant seats. Two sets of quadrant
seats are located on top of the M14. Oneseimay be
used to cross-level the fire control quadrant with a
gunner's quadrant. The longitudinal quadrant
seats form a line that is parallel with the end of the
tube. They are used in determining the accuracy of
the gunner’s quadrant or during firing when the
gunner’s quadrant is used for greater accuracy in
qguadrant elevation.

d. Klbow telescope M114. The elbow telescope
M114 (fig 4-40) is the basic instrument used for
laying the weapon in elevation for direct fire. The
elbow telescope M114 is mounted and boresighted
in 2 mechanism integral with the upper part of fire

control guadrant M14. This instrument is
basically similar in funct on o other direct fire
telescopes now in use except for a reticle
presentation of multiple ballistic data and the use
of a movable range gageline that can be set to
range values for direct fire by use of the range gage
knob. Magnification has also been increased to
8-power, and a diopter has been added that can be
adjusted to change the focus of the telescope to suit
the observer’s eye.

Note. The sighting equipment for the 105-mm
howitzer M102 is designed for two-marn operation.
One man, on the left side of the breech, uses the
panoramic telescope for azimuth adjustments. The
gsecond man, cn the right side of the breech, uses
the fire control quadrant M14 for elevation
adjustments.

4-21. Installation of Fire Control Equipment

a. Installing M113 panoramic tzlescope. 'The
M113 panoramic tclescope (pantel) is installed by
the gunner as shown in figure 4-41 and described
in (1) tkrough (10) below:

(1) Remove the canvas cover from the Mi34
mount,

T oC

..........
~~~~~

Figure 4-41. Installing the M113 panoramic telescope.
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(2) Loosen the four wing nuts ( @fig 4-41)and
remove the protective cover ( @)fig 4-41).

CAUTION: Vent the stowage check before
opening it.

(3) Place the cover ((2)fig 4-41)in the stowage
chest and ren.ove the panoramic telescope from
the stowage chest.

(4) Position the panoramic telescope by
means of the locating pins ((@)fig 4-41) on the
M134 mount. Hand-tighten the four wing screws
((:l)ﬁg 4--41) to fasten the panoramic telescepe in
placc.

(5) Uncover the level vials (3)fig 4-42)
azimuth counter () fig 4-42) and set the gunner’s
aid counter (@ﬁg 4-42) to 0. Level the M134
mount.

{¢) Open the parallax shield (Q)fig 4-42) by
releasing the lock.

(7) Release the lock plunger ( @ﬂg 4-42) and
turn the panoramic telescope eitbow perpendiculur
to the weapon tube. The elbow can be rotated 140
mils by releasing the plunger (@fig 4-42).

(8) Perform required before-operations
freventive Maintenance Checks and Services,
(PMCS).

(9} If you have radioactively illuminated fire
contrul instruments, be aware of the user’s manusal
warning.
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Figure 4-42. Prepecring the M113 panoramic
telescope for action.

.(10) If you do wnot have radioactively
illuminated fire control instruments, install the
M52 and M53 light instruments ss shown in figure
4-37.

b. installing M114 elbow telescope. The M114
elbow telescope is installed by the assistant

gunner as shown in figure 4-43 and described
below.

{1) Remove the canvas cover froin the M114
mount.
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AMtach M52 {ight instrument

3 a
to M14 quodrcnf\ % %‘é‘;‘( j

Attach M53 light instrument__— ’@ \ " 3 :
to M114 telescope T N T
)\ \h8
\ it
= It -

Fioure 4-44.  Nighe lighting device emplacement for the M14/M1 14,

wy (2) Remove the elbow telescope from the 4-22. M102 Fire Control Ingtrument
stowage chest and insert it into the MI14 fire Maintenance Problem Areas
Nmtrol quadrany, maki g certain that the locating
knv(lipnnﬂﬂpﬂ in tha sint. Therse are four p"mory areag of intareut

SAsEs

) . involving maintenance problem areas on the
to ﬁ(3l F‘ffg‘ the tutch (2}as shown in: the insert M1i02 fire control and related equipment {fig 4-45
gure &-40. and 4~46).
’ (4) Perform required before-operatinn PMCS. u. The first problem area involves the Mil13
(3) Set the gunner’s aid ceunter@ito ¢ and the panoramic teleccope. As a result of poor quality
elevation counter §)to 200. control, improper torque values were applied

during the fire control equipment rebuild program

(6) Level the clevation quadrant. (item 1, fig 4-45). These improper torgue values

(7) Make sure that the elbow telescope caused play of 1 to 3 mils in the heads of a

eyepiece is perpendicular to the weapon tube. The significant number of M113 panoramic t«.}escopes.
eyepiece can be rotated 3200 mils by releasing the Quality control measures have been strengthened K
latch (P)and pulling the telescope to the keyway. to correct this deficiency; however, faulty 2
instruments remain in the field both at the user <
(8) If you have radi- actively illuminated fire level and at higher support levels B
contro! instruments, he aware of the warning on e g pport levels. i
the inside front cover of the user’'s manual. ] (1) As a user, you peed to ins_pect. \‘:he 3
(9) If you do not have radicactively instruments on hand to venfy their serviceability. _2
illum;nated fire control instmﬁénté, iﬁsfall the -lf play exists, turn the M115 panoramic telescope o
M52 and M53 lighting instraments ss shown in n for repair. Additionally, yon should inepect vour ‘1
Beure 4-44. ﬂm_it items, if issued, because these may also be 3
KU defective. h
3 } * 3 3 ¥, ‘
(1?) ?idiu%}l the ti'neostats 88 required Lor (2) To determine if play exists in the head of "
proper reficie 1iuminuiaon. an instrument, aline the telescope crosshair on a ﬁi
(11) The toggle switch (@ﬁg 4-44) centrois well-defined distant aiming point while the
the lights for the elevaticn and gunner's aid instrument is mated to the weapon mount. Grasp X
counters. the telescope head and gently attempt to rotate it :
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Figure £4-45. MI134 panoramic telescope mount with M113 panoramic telescope.
in sither direction. Release your grasp on the the panoramic telescope and storing it, with the
instrument and verify the crosshair alinement. If elbow telescope, in the carrying case on the
the civsshair has moved more than 1 mil from its wishbone trail. This continual removal and
criginal alinement, the telescope is defective. Turn replacement has caused excessive wear on the
in the instrument to direct support; indicate on the M134 mount guide pins and in the mating grooves
DA Form 2407 that the telescope head is loose. of the M113 panoranic telescope (fig 4-41). The
result of this wear is a loss of boresight during
Note. A prerequisite to any inapection of M102 firing operations. The amount of loss of boresight
five cenirol instruments i8 to insurs that there is no varies, but investigations have uncovered losses
obvious defect in any item when it is installed on as great as 5 mils in deflection.
the wespon. Check the M134 mount for looser}egs (1) To correct this wear problem, the M134
ox wobblein the mecba}l:mm. The M113 p&nora. f1c mount will be modified to replace the guide pins
telescope must be tightly secured io the M134 with a key configuration. The key configuraiion 3
mount by the four wingnuts. will increase the bearing surface between the M134 !
b. The second problem area involves both the mount and the M113 panoramic telescope and -~ r':i
M113 panoramic teiescope and the M134 eliminate the excessive wear between the two " - Cy
pancraic telescope mount. Standard procedures components. This modification will be applied on

for M102 march order and travel call for removing an attrition basis.
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{2} At the present time, each user should
inepect the M113 pancramic telescope grooves and
the M134 mount gride pins for wear.

Note. Als» inspect the M1:34 meunt guide pins to
Jetermine if they are snug. I.0ost pins have been
fourd on some weapons.

(3) To determine if excessive wear exists, you
ahould boresight the weapon immediately prior to
firing in a firing position. After several rounds
have been fired, boresight ashould be verified. If
1oas of boresight of over 1 mil has occured, turn the
weapon in to direct support maintenance
prrsonuel for repair; indicate on DA Form 2407
that the weapon fails to retein boresight during
fivng.

Note. The distant aiming point method can be
ueed to verify boresight. Additionally, you must
ineure that the M113 panoramic telescope 18 not
defective because of play in the head of the
instrument as indicated in a above.

¢, The third problem area involves both the
M134 nount and the M14 fire control quadrant (fig
4 48 snd 4-46). Investigations have shown that
duriug normal elevation of the M102 cannen the
weapcn trunniolis spread, or flex. This, in turn,
affects the alinement of the M134 and M14, which
are mated to the trunnions by adapter plates. The
spreading, which is inherent in the weapon
system, is due to the hghtweight aluminum
carriage and cannot be corrected except by major
redesign of the weapon aystem. However, it has
beea determined that the misalinement caused by
the spreading trunnions can be compensated for
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control quadrant level vials when the mounts are
mated te the weapon, This operution, which has
been termed "marrying” the mounis io the
weapon, must be accomplished under stringent
test conditions,

(1) 'The primary problem of the M134 and M14
misalinement has been overcome by the operation
of marrying the mounts to the M102. This
operation must be performed only atdirect support
or higher level maintenance. Thus, vou, the user,
are no longer allowed to remove or replace the
M134 mount or M14 fire control quadrant. Change -
7to TM 9-1015-234-12 deleted the user’'s authority -
to remove or replace these items Change 8, June
1973, deleted the removal/replacement
information from the iechnical manual text.
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(2) The problem now is to insure that everyone
gets the word. Do not remove or repluce the M134
mount or M14 fire control quadrant at your, the
user, level. If uncertainty exists as to when ov
where these items were last removed from or
installed on your weapon, conduct fire control
alinement tests prescribed in 'TM 9-1015-234-12. If
the weapon passes the tests, the mounts are
properly alined. If the weapon fuils to meet the test
tolerances, turn the weapon in to direct support
maintenance personnel; indicate on the DA Form
2407 that the weapon failed the fire control oL
alinement tests.

d. The final maintenance problem area
involving M102 firc conirol and related items is
that of mgcisture buildup in the M113 panoramic
telescope, the M114 direct fire elbow telescope, and

th«e M1 infinity reference collimator. This moisture T
buildup causes thege ingtroments to fog and malkes o
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it difficult or impossible to read the counters or as much as 70 within a day, cecod o1l had to be 4
obtain proper piming point alinemeni through the drained from u hot wenpon and repinced after the ) ]
optics, weapon had cooled This portion of the FHP ealls {
(1) Investigations have shown thut in most for modification of the recotl internal components ;
instences the moiature huildup is a direct result of to provide a larger oil veserve. ]
the user failing to properly purge the instrumen?s b. The second subproposal covers the M7 recorl A
or to il}ﬂUl'e that ad(-‘qu.ﬂt(' nitrogen pressure 18 hardware. The M37 recoil has a history of high '
m’_‘mm‘m’d- However, in some h‘gh"h“““d“’y demand for replacenment pavts snaantenance fime,
climates, even though proper preventive and overhaul requivements. A study is presently
maintenance 18 performed, "-‘(“‘d“‘““t“’“ still being conducted to wolate, analyze, and redesign
builds up in the instruments. Frankford Arsenal high -failure components. The goal is todouble the .
Development Engineering Laboratory bas been present. 6,000-round n evage life of the recoll 1
directed to initiate investigations into this mechanism. The improvement is scheduled to be 4
problem area to determine if additional sealing or anccomplished during overhaul in the fiseal year 1
;vat&}rl;;l)rooﬁng of these instruments is necessary or 1976 time (rame.
easinje.

¢. The third subproposal i« desipned to improve
the breech mechanism of the Mi37Al cantion.
Through the past years, four problem areas
involving the breech have been identitied: (1Y Vhe

-

(2) In the meantime, your organizational
maintenance personnel can reduce the problem by
insuring thst the fire control instruments are

r

o L

?:;giﬁ st;‘t!i‘t(pln ?:Zﬁf&n:‘;?‘r‘\;hg(z nga):m::‘t;v!}%} bevel gears, () the extractors, () the firing " 4
750-116 (Oct 71} prescrives the procedures for ,n‘lt’v’_.'hu_msn‘., l-ll]d (:I) t,_h‘v (‘nu'nt,f‘rlml:nm‘\".‘ spring. 1
purging and charging fire control instruments and ‘lh.!s mprovement 1s proje tvd‘ to increase ]
is the authority for requisitioning the neccssary reliability, and to re'('h‘u'_v maintenan-e problems ol 9
items. : the breech by stmplifying these components. 3
. e d. The fourth ctubnroposal covers seltf-
4-23. Borasighting tllumiaation of the M102 ﬁl%(‘ control and related
a. In order of prefcrence, there are three iteins. Because the current night lightin: system
methods of boresighting the M102 howitzer. cn the M102 is the source of numerous problews,
(1) M140 alinement device. the’ improvement is 'dgsig_m\d' to (‘limin.utv t_he o
. o . entire syst2m by providing individual radioactive » .3
(2) Distant airing point. illumination scurces for {ire control digital =
(3) Test target. counter, reticles, and leveling vials. Adfiitionnl]‘y,
T T O e radioactive 1llu'_xmpatmn wzll_ be nm_)lwd to the
v. A'QL ‘\‘Ubﬂll\akl MRUCLALIUL LAY L U\Il\/olnll?llln' [al V) % po!!!nlg“l‘tq‘r ’i !ld 'h‘\ g‘! i\!l‘;Ar'S (}]]!]|1 Va1 ']f '\J Sow
pages 2-34 through 2-42 of TM 9-1015-231-10. radioactive aiming post lights and the M140
4-24. Product Improvamant Pockags alinemernt device used for checking boresightling
{ig 4-47) are also included in the PIP. The first .

As part of a continuing prograin, the US Army
Armament Command is developing an $8,297,000
product improvement package (PIP) for the M102
howitzer. The improvements are based on data
collected during the period of extensive usage of
the weapon system in the Republic of Vietnam and
are divided into four subproposals.

vonverted sets of these M102 fire control 1tems
were fielded in « alendar vear 1976.

« a. The first subproposul addressed the limited
recoil oil supply of the M37 recoil mechanism.
Because of criticul weight lmitations during
development, the recoil mechaiis'n wag designed
with a marginal oil reserve. When the M10% was Figure 4-47.  M140 alinement device used
fielded in Vietnam, wiere temperatures fluctuated for cheching horesighting.

Saction Vi. SUMMARY

4-25. Review taust be kept in proper working condition, It has
heen tiie purpose of this chapter to give o general

The four major components of the 105-mm msight into the charactoristics, nonwendlature,
howitzer M102 are the carriage, barrel and hreech functioning, and maintenanee of the major 2om
assemblies, recoil mechanism, and fire voutrol components of the weapon. For more detatled -
equipment. In order for the weapon to funclivn information, sce WM 6-70, TM 9--1015-234-122 and
properly and deliver accurave fire, cach componeni L 9-101H-234-10.
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CHAPTEP b

i56-MM HOWITZERS M114A1 AND M114A2, TOWED

Seaction |.

5-1. References

™ 9-1025~230-12; 1.0 9-1025-200~10; and FM
6-31.

§-2. introduction

The M11441/M114A2 156-mm howitzer is a
medium towe:! field artillery weapon (figs 5-le
and 5-1b) of the infantry and airmobile divisions.
A 1556-mm battalion consists of thrse batteries of
aix weapoms cach, The 15856-mm howitzer weighs
12,700 poinds and fires a 95-pound separate--

Section Il

§-3. Trails, Trail Lock. and Spades

a. Trail/s. The troils are tapered, welded--steel,
hox gridera with plates and rib support= welded to
the inslde suriaces to provide isinforcement.

(1) The trails are used to connect the weapon
and the prime mover (normally a 5-ton truck)
when traveling to siabilize the weapon in the
firing position; and to carry the spades, 2iming
posts, six rammer staff sections, sledge hammer,
weapon handling barus, spade keys, firing jack
float, and loading tray.

(2) The trails (fig 5-2) are hinged to the bottom
carriage; when they are spread, each trail forms a
30° angle with the center of the cairiage. On each
trail sare arms with shoulders, which contact
wedge-shaped stops welded to the top and bottom
nf the bettom carriage to control maximum spread.

(3) The trails are equirved with trail handles
to assist in moving the weapon,

(4) When the top carriageis properly centered,
plates welded to the top trail hinges contact stcps
welded to the bottom plate of the top carriage. This
prevents movement of the top carriage during
travel.

(b) The rear end of each trail has a smooth

*Supersedes HB-5 WOXXWS, Dec 81.

UL NENPRS NP APIEREIRE TP . NP P R WP W

TR N W

GENERAL

51

loading HE projectile to 1 maximum ~ange of
14,600 reeters. The prime mover for the weaponis a
G-ton curgo truck. The main difference between
the M114A2 (fig 5-1a) and the M114A1 (fig 5~1b)ie
in the riflery. The M114A2 hasa 1in 20 twist vice a
1 in 25 like the M114A1. This changechas made the
M114A2 compatible with all projectiles and
propelling charges used with the M109. The
M114A2 has a machined groove approximately 4
inches behind the muzzle which (fig 5-1a) is the
only physica! difference between it and the
M114AL.

CARRIAGES MT1A1 AND M1A2

buttom surface with a recess for attaching a irail
spade lug. On these end surfacen is a square hole
{v- inserting the spade key, which secures the trail

mesada Ir wwaaitdos
Bpauye s yutu\nc‘:.

b, Trail lock. The traillock holds the trails in the
closer! position for traveling.

(1) The trail lock is a toggle-type clamphiny
mechanism and is operated by the trail lock
handle.

(2) The tra:: locking retainer pin ig inserted
into a hole in the projecting ledge of the left teail as
an additional safety device to prevent the {rails
from spreading during travel.

(3) The traii tock i8 adjusted by lousening the
trail lock link jamnut and turmug the trail lock
link 2 turn at a time, either right or left, depending
on the adjustment needed. When the trai! jock is
properly adjusted, a slight downward pressure
should force the lock haundle down and uuse the
trail lock hook to engage with the trui! lock link.

c. Spades. The spades, being two o the three
points of suspension, absordb the fores ot receil and
tranamit the shock of firing to the groan .t They
limit the amount of displacement of the wonpon.
For greater clearance of the reac of the weapon

adlat alindac Al el s
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Figre 5-1a.

during fravel, the gpades are removed from the
ends of the trails und placed in the traveling
positiou on the trails. Handles on the spades are
user 1cr Fiiing and - arrviag the spades from ihe
traveling position on the howitzer to the firing
position at the end of each {rail,

(O In the fixing poration, ihe irail spades are
atwached to the underside of the trails by engaging
the gpade lugs in the recesses of the trails. The
spades are secured to the trails by means of the
spade keys. A spade alignment lug is welded to the
side of the apade that, v en flush with the side of
the trails, will align the spade key socket.

(2) Nuring travel, the spades are carried in
brackets on the oute- surface of the tiails.

(3) During travel, thewpade keys are enrriedin
the key carrier on the outer surface of the lefi trail.

d. Manhenance.

{1} The trail hinge pins should be luoricated

weelly with lubricating vil, geneval purpose {5
The waste matorial should not be removed

(2) 'The trant lock should be lubricated weekis
with PL.

(3) The drain plugs in the trails should be
removed weekls to allow the trails to drain. If the
trails are not provided with drain plugs, notify the

62
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156-mm howitzer, MITT-1A2, towed.

support maintenance personnel,

Note. Maintenance of this component and ol ail
other components of the 155-mm howitzoern
LY S BN N | U | A1 1T 4A1 V. cwiliad lan -‘-\n.‘m‘-..lu.‘-
res t rexsnl FTVaLY] Pvl 11Mo DLl ineu it Dhl’Dt\l\!R 13 AY
paragraphs of this chepter will irclude lubrication
af the 1ty concerned. Lubrication of all
corrponents will be performed 1n accordance with
taabyication Order 9-1026--200-10.

&-4. Erakes

a. General. When the howiizer is being towed vy
the primie mover, the carriage brakes ure actuated
by compressed air furnished by :a air compressor
on the prime mover and conducted wo the carriage
by the service and emergency air brake lines. 'the
carriage brakes are controlled by the brake pedal
of the prime mover. The brakes cun alse he
controlled individually by hand levers momited on
the carriuge.

b. Principal parts. The principal parts of the uiv
brake system are two sir lines (gervice and
emergency), two an filters, an emergency relay
vabve, an uiv tank, iwoe air brake diaphragms, two
alack adjuaters, two handbrake levers, and two
brake actuating mechamsms (8 H5-3).

. Air lines. 'The air lines conaist of air hoses o d
tubes interconnecting the various uanits of :ho
boge gystem. The service air hine leads frows the
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CANNON
ened
f
CYLINDER YOKE :::
REPLENISHER 33
8
EQUILIBRATORS o3
2 — RECOIL CYLINDER ;"_:!
JLEFT SHIELD 1
7 -y
RECOIL MECHANISM
CRADLE

HANDBRAKE

& w |RAVERSIN
: \ ARC
FI2ING
JaCK — BOTTOM CARRIAGE

HANGEE ~ - FIRING JACK FLOAT
IRAVENING LOCK ORD F9540

Figure 5-1b.  1556-mm cannon and 155-mm howitzer carriage M 1A2—firing position,
maximum elevation---left front view.
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SREECH MECHANISM

-TRAWL SPADES
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Figure 5-2. 155-mm canncn M1 and 155-mm howitzer carriage M1A1—firing position—Ieft rear view.

prime mover to the top of the emergency relay
valve (g 5-3) and cuntrols all service brake
applications. The emergency air line leads from
the prime mover to the lower part of the emergency
velay velve Ita purpose is to keep the air tank
charged at ali times. The tank, in turn, supplies the
compressed air which actually makes all brake
applications. Dummy couplings on the outer sides
and near the rear ends of the irails are provided to
retain the air brake huse couplings and to exclude
dirt when the couplings are not cennected to the
prime mover.

d. Airfiliers. The air filters (fig 5-4) are mounted
on the trails and connected in the wzervice and
emergency air liv.es to filter water and dirt from the
air before it enters the emergency reley valve.
Drain plugs in the bottom of the fiiters permit
draining accumulated water and dirt.

e. Emergency relay valve. The emergency relay
valve (fig 5- 3) is mounted on the rear of the boitom
carriage and is protected by aguard. The valveisa
combined relay valve (which speeds up the brake
action from the prirne mover to the carriage) and
emergency valve (which controls autometic brake
apolication in the event the carriage breaks loosge
fiom the prime mover).

f. Air tank. The air tank (fig 5-3) is mounted on
the rear of the bottom carriage and is equipped
with a drain cock for draining moisture and for
reiieving pressuce prior to firing or when the

e T
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brakes become locked. It stores compressed air
both for service and emergency brake
applications.

2. Air brake diaphragms. Two air brake
diaphvagms, one for each brake, converi the
energy of the compressed air intc the mechanical
force necessary to operate the brake mechanisms.
The air hore connection is protected by the brake
diaphragm guard (fig 5-5).

h. Slack adjusters, The slack adjusters serve as
levers to connect the brake mechanisms with the
air brake diaphragms. They also provide a
convenient method of brake adjustment.

i. Handbrake levers. A handbrake lever is
provided for each carriage brake. It is pivoted on
the brake camshaft just inside the wheel. The
handbrake lever is positioned under the slack
adjuster so that, when the lever is pushed to the
rear, it lifts the slack adjuster, causing the brake
camshaft to rotate and apply the brake. A
handbrake lever latch, controlled by a
spring-loaded hand grip lever, engages the teeth
of the handbrake lever latch plate (rack) and
retains the handbrake lever in position when the
brake is applied.

J. Brake actuating mechanisms. Each brake
actuating mechanism consists principally ot the
brakeshoes, brake camshaft, and brakeshoe
springs. The brakeshoes and camshaft are
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; - Figure 5-3. Air brake components. -

E:Z: attached to the bottom carriage ty means of a emergency brake application daily by closing the

. brake shield. Each brakeshoe pivots at on¢ end of emergency air line cutout cock on the prime mover g
the brake anchor pin, a d both are expanded and disconnecting the emergency air brake hose
against the brakedrum by the rotation of the coupling from the prime mover, if the tactical -
?amgha&. when the hrakes are applied. When the situation permits coupling the weapon to the prime -
hrakes are released, the camshaft releases the mover for this tesi. If the brakes do not apply i

shoes, which are then pulled away from the drum
hy the brakeshoe springs.

§-5. Car2 and Maintenance of the
Air Brake System

a. Test emergency brake appiication. Test the

Mat DBRRANE VEVER
LAT(H PLATE
—

! ‘/

~eMAMDBRAKE LEVER LATCH )

sRAKE
ADJUSTING LCREW

b .jAu-'A'a '

AR FILTER BODY”

HEXEAD SCREW N\ - ¢ BRI DR Y A0 N R
\ %A““ AR HLTER STRANER SN . . e n[;.;muc.m

,;!a’“___-" Lk A.'A«'-

. i {
A i e STRABMER SUPFORT J
’ ,‘ ) . “ERAK v ;

L L = At FRTER COVER B 1APiRAGK CLARCE By -

. Q - T G S eycty ), DIAPHRAGH i)
ROee e e = T DRAIN PLUG WE 65457 B (1ar12 A G 0 R CLAAPING. BOLTS j
Figure 5-4. Aur f;lter——exploded view. Figure 5-5. Air brake diaphragm and slack adjuster. -
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auvctomatically, notify suppor. maintenance
personnel,

b. Drain water from air fiiters and air tank,

(1) Drain accumulated water weekly from the
airtaak and air filters. In cold weather, drain these
anits every 8 hours of continucus travel. If the
water freezes in the unit, apply sufficient heat to
meli the ice and drain the water, taking care notto
damage the air brake hoses.

Note. Do not drain the air filters or air tank
while the air brake system is under pressure. If
draining is performed during travel, temporarily
disconnect the air brake hose couplings from the
prime mover.

(2) To drain the air filters, remove the drain
plug from the bottom of the air filter cover, allow
the water to drain, and install the plug.

(3) To drain the air tank, open the drain cock
at the lower right of the air tank long enough to
expel all moisture and then close the drain cock.

c. Clean air filters. Clean the air filters
bimonthly by disassembling the filters, brushing
off accumulated foreign matter, and washing the
air filter strainers and air filter cover and strainer
support with drycleaning solvent or volatile
mineral soirits. Allow the parts to dry thoroughly
and asserable the air filters.

Note. Do not use compressed air to dry the air
filter strainer.

d. Adjust air brakes.

(1) I'c clean the brakes you musi have the
wheels off the ground, spread trails only enough
for stability but still allow air lines to be connected,
then lower firing jack.

(2) Check the travel of the brakc diaphragm
push rods monthly by measuring the distance
each push rod extends from its air brake
diaphragm with the brakes released and with the
brakes applied. If the push rod travel is less than %
inch, or more than 1 inch, adjust the brakes. Also,
when the handbrake latch is positioned in the
third notch of the rack, the brake should be fully
engaged.

(3) Spread the trails to their fully open
position and raise the carriage on the firing jack
until the wheels are clear of the ground. Release
the carriage handbrakes.

(4) Rotate the whee] and, at the same time,
turn the brake adjusting screw on the slack
adjuster until the brake stops the wheel from
turning. Then back off the adjusting screw until
the wieel turns freely.

(5) Remove the wheel and tire assembly and
insert a thickness gage or feeler through the
inspection hoie in the brakedrum to check the

..........

5-6

clearance between the brake lining and the
brakedrum. Rotate the drum, taking care not to
twist or damage the gage. The clesrance between
the lining and drum should not be less then 0.025
inch or greater than 0.050 inch. If it does not fall
wnt':)hin these limits, readjust the brakes as in (3)
above,

(6) When the brakes are properly adjusted,
install the wheel and tire assembly.

(7) IT adjustment cannot be made using steps
(1) through (6) above, turn into direct support
maintenance.

e. Test for air leakage.

(1) Test the entire air harke system for air
leaks bimonthly or when a leak is evidenced by
weak or intermittent brakes by applying soapsuds,
with the system under pressure, to all zir hoaes, air
brake hose crnnectors and other hose connections,
air brake hose couplings, air fiiters, and air brake
diaphragms and to the emergency valve and air
tank. Any leak causing a soap bubble 2 inches in
diameter in 5 seconds is considered serious. If it
cannot beremedied by the methods herein outlined
or if a leak is found in any air brake hose, notify
ordnance maintenance personnel.

(2) Apply soapsuds to the edges of the air
brake diaphragms and around all diaphragm
clamping bolts. If a leakage of air is evidenced by
the formation of a soap bubble, tighten all
clamping bolts in s11ch sequence that successively
tightened bolts are positioned on the diaphragm as
nearly opposite each other as possible. If this fails
to stop the leak, notify o.dnnnce maintenance
personnel.

(3) Test all air brake hose connectors for
leakage. If a leak occurs at the joint between the
connector boay and connector nut, tighten the nut.
If tiiis does not correct the leak, notify ordnance
maintenance personnel.

4) Apvly soapsuds to the air brake hose
coupiitzw I a leak occurs at a coupling and the

cuphng 18 securely in position, detach the-

coupling from the prime mover, remove the air
brake hose coupling packing ring, and replace it
with a new one.

(5) Apply soapsuds tothe joint between the air
filter cover and the air filter body. If a leak is
evident, tighten the hexagon head screws holding
the cover to the body. If this fails to stop the leak,
notify ordnance maintenance personnel.

{6) Apply soapsuds to all joints and
connections on the air tank and emergency relay
valve. If any leakage is found, notify ordnance
maintenance personnel.

f. Lubricate. Lubricate as prescribed in the
lubrication oxrder.
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8. Check tire pressure. Keep the pressure at 50
pounds in each tire. A tire that is soft will have

""" more road contact and will cause the other tire to

skid sooner.
5-6. Whoels, Hubs, and Tirss

a. Wheels. The early model 156-mm howitzer
wheel consiats of a wheel disk and rim, a wheel tire
rim, and 18 wheel ring retaining nuts. The later
model wheel consists of a wheel discand rimand a
side rim. The wheel is held in place by 10 nuts. The
studs for these nuts are in the wheel hub and are
inscribed with the letters "L" or "R” toindicate the
type of threading on that stud.

b. Hubs.

(1) Each hub is supported on the axle spindle
by two tapered reller bearings.

(2) Grease retainers prevent grease from
leaking into the brakedrum.

(3) Each hub has 10 mounting bolts for
securing the brakedrvm.

¢. Tires. Each tire assembly consists of a 14.00
20 tire, a 14.00 x 20 tire tube, and a tire bead lock.
When the tire is mounted on the wheel, the bead
lock holds the tire beads against the rear wheel
disc bead and the outside ring, which servesas the
outer wheel disc bead. On the early model, the
. outside ring is secured to the wheel by the 18 wheel
, ring retaining nuts. The outside ring of the later
model wheel is a tension ring which locka behind a
small front bead of the wheel disc and acts as the
cuter head for retsining the tire, The correct air
pressure is 50 pounds.

d. Care and maintenance.
(1) Keep tire pressure uniform.

(2) Check to insure that the tive tread depth is
at least 2 inch and that there are no severe cuis or
breaks in the tires.

(3) Repack the wheel bearings with grease,
sutomotive and artiliery (GAA), annually or if the
grease is found to be emulsified after fording

operations.
6--7. Firing Jack and Travsiing Lock

a. General. The firing jack and traveling lock
used on the M1Al1 carriage of the M114 howitzer
differs frcm that used on the M1A2 carriage (fig
5-6) of the M114A1 howitzer in the following ways:

(1) The firing jack for carriage M1Al hae a
rack gear type of plunger.

(2) The firing jack for carriage M1A2 has an
internal screw type of plunger (fig 5-7).

(¢ e traveling lock for carriage M1A2 is

-r+7‘equip-+r with a firing jack hanger (fig 5-8),

whereas the traveling lock for carrviage M1Al is
not 8o equipped.

Rt e
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b. Locatiun. The firing jack on both modejis is
attached to the front part of the bottom carriage.

¢. Purpose. The firing jack fupports the weight
of the front part of the weapon while the wheels are
off the ground and provides one point of the
three-point suspension system for stability during
firing.

d. Traveling lock. The traveling lock is a
triangular-shaped casting which is hinged to the
front part of the bottom carriage by means of the
traveling lock bracket. Its purpose is to support the
tipping parts of the weapon during travel.

5-8. Firing Juck (Rack and Pinion Type)
For Carriage M1A1

a. Components.
(1) Rack gear plunger.
(2) Ratchet plunger.
(3, Firing jack handles.
(4) Firing jack key.
(5) Housing bottom cover.
(6) Firing jack float.
(7) Wormshaft ratchet wheel.

FRING JACK FLOAT

RA PO 142898

Figure 5-6. Carriage M1AZ2 firing jack anrd
traveling lock—firing positicn.
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HIRING JACK

W ratcHer pin TR

FIRING JACK RATCHE

PLUNGER STOP RA P 1438974

Figure 5-7. Carriagz M1AZ2 rotating firing jack
~atchet body.

(8) Wormshatft.
(9) Pinion shaft.
(10) Pinion shaft worm wheel.

b. Functioning. To lower the rack-type jack
(raise the carriage on the firing jack), nroceed as

TRAVELNG L
PRING ~CK LOCKING PN

‘ . NG JACK
FRENG SACK ) \ REAR WG
BRACKET PN PRDIG NCK
SAFETY shap  PHNG SRACKEY
SRACKET B WE 13128

Figure 5-8. Carriage M1A2 firing jack and traveling
lock-—traveling position,
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follows: Turn the two ratchet plungers until the
arrows point downward. Remove the firing jack
plunger locking lever. Lower the firing jack
plunger by rotating the ratchet housings by their
handles until the plunger is near the ground.
Remove the jack housing bottom ccver from the
lower end of the jack plunger. Install the jack flat
on the flat-sided ball end of the plunger by placing
the float socket over the ball. Secure the float by
rotating it %4 turn. Install the jack handles i the
sockets provided in the ratchet cases and operate
the handler vertically to raise the carringe untii
the plunger reaches its limits Open the keyway
cover and install the firing jack key. Reverse the
arrows on the ratchet plunger handlas and lower
the carriage until the weight is supparted by the
firing jack key, thereby releasing the load from the
jack mechanism.

¢. Maintenance. Remove the plungar and~-
(1) Check for burs, rust, and dirt.
(2) Lubricate.

5-9. Firing Jack {Intemal Screw Typs)
For Carriage M1A2

a. Components.
(1) Firing jack plunger.
{2) Firing jack ratchet body.
(3) Firing jack ratchet plunger.
(4) Ratchet plunger stop.
{6) Firing jack ratchet pin.
{6) Firing jack handle sockets.
(7) Firing jack handles.
(8) Traveling lock and firing jack locking piu.
(9) Firing jack hanger.

b. Functioning. To lower the screw-type jack
(raise the carriage on the firing jack), proceed as
followe: Remove the firing jack bracket pin from
the brac =t. Remove the traveling lock and firiag
jack loc..  ~ pin. Raise the jack to unlatch the
firing jack uanger. Lower the jack to the vertical
position and secure it ir the firing jack bracket by
reinstalling the bracket pin. Place the jack float
under the jack. Remove the traveling lock locking
pin. Lower the traveling lock and elevate the
weapon. Move the ratchet pin toward the ratchet
plunger as far as it will go. Rotate theratchet body
clockwise to lower the jack plunger near ihe
ground. Secure the float to the flat-sided bali end
of the jack plunger by placing the float socket 6ver
the ball and rotating the float % turn. Instali the
jack handles in the sockets of the ratchet housing

and operate them in a horizontal plane until the -
plunger is fully extended. Failure o jack the .

howitzer to the fully raised position will preciude
reaching maximum elevation. Lock the jack in the
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extended position by depressing the ratchet
plunger until it engages the plunger siop. Make
sure the ratchet pin is in its pesgition nearest the
ratchet plunger.

c. Flow of power. The power flowa from the jack
hsndles through the ﬁrmg jeck ratchet body to the
internsl screw which is housed in the firing jack
plunger. The screw telescopes within the plunger,
thus moving the plunger up ox down.

CAUTION: 1i the firing jack plunger reachew
the fully exiended posiiion, care must be oxercised
to avord breaking the firing stop. The firing jack
ratchet pin must be in ite positior nearest the
firing jack ratchet plunger, with the vatchet
plunger engaged in ita stop, in order to lock the
firing jack in the firing pogitior:.

d. Maintenance. Jivery 6 months, remove the
breathe; ¢lenient and clean it with drycle 'aumg
solvent or veistile mineval spirits. Dryv and
safurate the element with oil, lubricating and
preservative, as prescribed in the lubrication
order. Keep the firing jack plunger clean.

Note. Insure to keep the four breather parts
clean at all times.

5-10. Bottom Carriage

a. Construction. The bottom cexriage (fig 5-9) of
the 155-mm howitzer, towed, is constructed of
welded steel.

b. Purpose. The bottom carriage—-

(1) Supports the weight of the top carriage and
the tipping parts.

(2) Tramewmita riring stresses to the firing jack

1l
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and trails.

(G) Provides a mount for the finnyx juek,
traveling lock, and traversing arc.

(4) Provides a basc for the traila, which are
hinged to each side of the bottem :orriage.
(Bushing-lined bores arein each gide of the botiom
carriage to receive the trail hinge pins.)

{5) Serves as a base forthe whevl spindics and
brake mechanisms, which are attached to each
side of the bottom carriage.

£-11. Top Carriage Assembly

o. Definition. The top carriage assembdly
consiats of all parts which move in traverse and in
slevation, except the shields.

6. Construction. The top carriuge is constructsd
of welded steel. It has a circular base and two nrms
that extead res rward and upward.

¢. Purpose. The top carriage supports the
howitzer and recoil mechanism, the elevating snd
traversing mechanisms, the shields, and the
sighting equipment. It is supported by and rotates
on the bottom carriage. Equilibrator brackeis are
on the upper ends of the top carriage srme. The
bracket for the variable recoil control rod is ¢n the
upper edge of the right top carriage arm.

d. Functioning. The top carriage is fastened to
the bottom carrage by means of a pintle (fig 5-10).
The pintle is a {ubular projection extending
downward frora the center of the tor carriage. It
rotates in the pmtle busbmg of the bottom camage

| dhin nloindt ol e R P
and is the Pivoo aoout which the wy uaA;AaEc

rotates in traverse. The weighi of the top carriage

Figure 5-9. Beottom carriage.
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Figure 5-;9. Pintle and pintle bearing schematic, 165-mm howitzer M1Al and M1A2.

and associated purts is svpported on the twe
helville springs, which transmit the load through
antifriction bearings to the bottom carriage and
raise the pintle and top carriage off che liner of the
bottomn carriage about 0.005 inch. When the
weapon is fired, tne bLelviiie gprings are
compressed & = load is then trensmitted from
the smooth u. 1de of the top carriage to the
bettom carriag  This arrangement (‘he top
carriage being 1 ted on antifricrion bearings)
regulte in easy traverse and rclieves the
antifriction bearings of the streases of firing.

€. Maintenance Loose perte shouald be
tigh’ened and th. assembly cleaned and
lubricated as pres~ ' od in the lubrication order.

5-72. Traverse

a. General. The traverse used or the wwed
155-mm howitzer is the pintle type. The total angle
of on-carriage traverse is 866 mils—448 mils right
and 418 mils left of cuater. Traverse is limited by
the top carriage contactng stops welded to the
bottom carriage.

b. Traversing mechanism. The traversing
inechanism (fig 5-11) contirole the moven:ent of the
weapon in azimuth and is of the arc and .iinion
type, employing a worm and worm wheel. The
worm and worm wheel create an irreversible flow
of power, thus preventing the weapon from
traversing due to shock of firing. The rate of
traverse per turn of the handwheel is
approximately 10 nils. Turning the handwheel
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clockwise moves the tube to the left; turning the
handwheel counterclockwise moves the tube to the

right. -

¢. Maintenance. Check the traversing
mechanism for—

(1) Ease of traverse to both limits.

(2) Burys. daraage, loose play, and need of
lubrication.,

{3) Loose connections.

{4} Backiash. Backlash exceeding 1/6 tura ot
tne handwheel should be reported to direct support
maintenance pergonnel for correction.

(5) Tightness of the safety nut on the
handwheel.

{6) Handwheel handie lubrication. The
handwheel handle and the arc and pinion should
be oiled weekly.

Note. When operauing in extremely sandy or
dusty terrain, wipe the arc and pinion gears clean
of oll oi! before traversing.

5-13. Elevation

a. General. The trunnions of the cradle are
mounted in bearings on the top carriage arms and
form the pivot about which the cannon rotates in
elevation. The total angle through which the

cannon can be elevated is from 0 to 1,156 mils. =~
b. Elevating mechanism. The elevating °

mechanism (fig 5-12) controls the movement of the
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Figure 5-11. Avrc and pinion tvpe of iraversing mechanism.
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wea%on in elevation and, like the traversing and depressing the tube.
raechsnism, is of the arc and pinion type, e e
employing a worm and worin wheel. The worm b rs(%)r g::;c: the teeth on the elevating src for
o and worm _wheel make the elevating mechaz.ism v ge.
_*.~ an irreversible type. The rate of elevation per turn (3) Check for backlash. Bucklash excecsding
WY of the handwheel is approximately 15 mils. 1/6 turn of the handwheel should be reported to

Elevation is limited by stops or the ends of the arc. direct support maintenance person»el for

¢. Maintenance. correction.
(1) Check for ease of operation in elevating (4) Check for loose connections.

/

K " ? . f .l.; . . . /‘A !& . g
ELEVATING i B IR o @ st
ARC B g ’ A/ \*— ’ ‘/ %&)

)
J,

g ELEVATING
, //;/ HANDWHEEL

"/ SHAFT

s
Q
~

7
.,é\\/

tLEVATING WORM WhEEL
Figure 5-12. Arc end pinion type of elevating mechanism.
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(5) Alwaoys maintain a light coat of lubricant
on the gear trains.

(6) Check the safety nut on the handwhee)
(must be tight).

(7) Oil the handwhesl handle and the arc and
pinjor. weekly.

Note. When the weapon operates in extremeoly
sancy or dusty terrain, wipe the arc and pinion
gears clean of all oil before elevating.

{8) Check the function of the variable recoil
cam. (The cam rotates the threttling rod in the
recoil cylinder when the tube in elevated.)

5-14. Equiiibrators

a. Purpase. The equilibrators compensate for
the unbalanced weight of the tube caused by the
rear-mounted trunnions and reduce the manual
effort required to elevate the tube.

5. Type and construction. The e¢qailibrators
used on the towed 1565-mm howitzer are of the open
spring lifter type. The four springs in each
equilibrator are assembled in pairs with one
spring inside the other. The two pairs of springs
are assembled to the 2quilibrator tube and are
separated by a spacer. The apacer is built so that it
may slide up and down the tube. The springs are
retained at the front by the front end of the
equilibrator tube and at the rear by therear spring
seat. The rear spring seat slides to compress the
springs. The equilibrator guide rods are connected
to the front of the equilibrator tube which, in turn,
is connected to the cylinder yoke. The rear end of
the equilibrator tube is {astened to the equilibrator
bracket. The assembly is kept in alinement by the
front end of the tube spacer and rear spring seat
sliding on the tube and rods.

¢. Functioning. The equilibrators connect the
cylinder yoke with the equilibrator mounting
brackets on the top carriage. Th springs are
compressed as the howitzer is depreesed,
counterbalancing the muzzie-heavy weight of the
tipping parts and eliminating the need for
manually braking tlieir descent. Energy is stored
in the springs as they are compressed. The
compressed springs expand as the howitzer is
elevated, releasing energy and exerting an upward
force on the weapon, thereby easing the manual
effort required to elevate it.

d. Testing for proper adjustment.
(1) The eqailibrators are properly adjusted

Secvion lli. BARREL AND BREEC™ ASSEMBLIES

when the following conaitions exiest:

(a) The howitzer is slightly muzzle-heavy
without a round in the breech.

(b) The three adjusting nuts on each
equilibrator are equally distant from the ends of
the equilibrator guide rods.

(2) To test the equilibrators for proper
adjustment, level the carriage and load
appreoximately 54 pounds into the powder chamber
to simulate cne~half the weight of a projectile and
propelling charge. Elevate and depress the tube
through the full range of movement. If the tubecan
be elevated and depressed with approximately the
same handwheel effort, the adjustment is
satisfactory with respect to the balance of the
weapon,

e. Adjustment of equilidbrators.

(1) Make the test for proper adjustment
described in d(2) above.

(2) If the three adjusting nuts on each
equilibrator are not equally distant from the ends
of the rods, adjust the nuts until each one is an
equal distance from the end of the rod. This can be
accomplished by removing the jamnuts and
measuring or counting the number of exposed
threads fron the end of the guide rod to each

adjusting nut. s
A 4

WAKNNING: Urnder no circumstences will the
adjusting nuts be remcved fom the rods «xcept by
authorized support maintenance ps¢ onnel.

(3) If more handwheei effort is requured to
elevate the tube than to depress ii, tighien the
adjusting nuts (clockwise) to increase spring
compression,

Note. If one adjusting nutis tursed 3 complete
turn, more than one turn, or lecs than a full turn,
all other adjusting nute must be turned the same
amount.

(4) If more handwheel effort is required to
depreas the tube than to eievate if, lnosen the
adjusting nuts (counterclockwise} tu redv e
compression.

(6) Check adjustment and, if the adjustmentis
satisfactory, replace and tighten sil jamnuts.

f. Maintenance. Wipe the equiliiwator syrings,
rods, and tubes weekly; clen. then: with a ciean
cloth and then apply a coat of lulmcating oil,
general parpose (PL).

6-16. Barrel Asagambly guides, and keys. ' )
The barrel assembly of the 155-mm howitzer, a. Construction. The tube is made from an siloy K
towed, consists of the tube, breech ring, bracketas, steel ingot, which is poured and then hot-forged N
5-12 K
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inte a cylindrical shape by means of o
high--prrasure press. A hole is then bored through

-. . the center, the outer surface is rough-turned, and
=~/ the barrel 1 machined. The ingide of the barrel is

machined with a bore guidance system, which
insurea the straightness of the tube to within
0.006-inch throughout its entire length.

b. Exterior narts. The exterior of the tube is a
smoothly finished bearing surface which slides in
the recoil mechsnism cradle and cylinder yoke
during recoil. It is not tapered but is stepped up to
the rear of the cylinder yoke inside the gun cover.
The rear end of the tube is threaded so that the
breech ring may screwed onto the tube and
locked in place by key on top of the breech ring.
Rotation of the tube during recoil is prevented by
two recoil guide keys located on the upper right
side of the tube, one which is near th breech ring
and the other midway along the tube. These two
recoil guide keys ride in the keyway in thc upper
right side of the cradle and the cylinder yoke.

c. Interior parts. Theinterior parts consist of the
following:

(1) Breech recess--Houses the breechbiock
when the breechblock is in the clesed position.

(2) Gas-check seat—That part of the rear
portion of the bore which is tapered to receive the

_aplit rings and the gas—check pad, thereby sealing
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the breech (performing rearward obturation).
(3) Powder chamber—That portion of the bore

designaied io house the propeliing charge.

(4) Centering slope—The tapered portion of
the bore forward of the powder chamber, designed
to cause the projectile to be centerd and seated in
the bore.

(5) Forcing cone—The rear portion of the
main bore, which is formed by iapering the rear of
the lands. Iis function is to s,radually engage the
rotating band of the orciertile, thereby sealing the
forward end of the powder chan:vov (performing
forward obturation).

(6) Main bore—Includes all that nextinn
forward of the centering slope; that is, the :ntire
rifled portion of the bore.

Lainn caed ian: et sl aab e Ari ey
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() Connterbore---That rortion of the muzele
end of the tube thai ia rebored for a predetermined
distance so as to increase the tube vrameiey by
removing the lands from that portion oi tiw tube,
The purpese of the counterbore is to velieve utress
when the weapon 1s fired.

 d. Characteristics. The characterisiics of the
barrel assembly are as follows:

(1) Caliber-—155-mm or 6.102 inches between
opposite lands.

(2) Length of tube from the muzcis ¢t the rear
of the gas-check seat—23 calibers nr 140 334
inches.

(3) Length of rifling (bcre)—113.10 inches.
(4) Muzzle velocity—564 meters per sccond.

(8) Maximum chamber pressure—3!,000
pounds per square inch.

(6) Lands and grooves—A48.

(7 Rifling—Uniform right-hand twist of 1
turn in 25 c¢alibers for the M114A1 and 1 turn in 20
calibers for the M114A2,

(8) Maximum range—14,600 meters. 19,400
meters on the M114A2 firing the M549 RAP with
charge 7,

(9) Rateof fire—¥ aximumn rate :s 4 ronnds per
minute for the fisst 3 minutes; sustain= 1 ate of fire
is 1 round per minute.

e. Tube and breech life. Each rcund of
ammunition fired through a cannor tubs causes

wear and erosion of the tube, which results in o
change of the dimensions of the bore. For most gun
tubes and some howitzer tubes, the extent of wear
determines the remaining life of the tube. In
addition to wear and erosion, each round produces
metal fatigue, a process in which heat and
expanding gases weaken the metal in the tube and
breech and reduce the tube and breech life. The
remaining life of a tube can be determined by
converting the rounds fired to equivalent full
charge (EFC) rounds and subtracting the Ef'C
rounds fired from the EFC life of the tube. Y'able
5-1 shows the tube and Lreech life and the BEFC
factors for the M114, MI114A1, and M123A1
howitzers, extracted from TM 9--1300-202-11%.

Teble 5-1. Condemnation Criteric for Tubes and Breech Assemblies
Major Item "Cannon Tube  |EFC Life of Tube EFC Factor  |Breach Life |
158-mm howitzers M114A1 M1 2,00 rounds Charge 7 = 1.00 {No rextibing
snd Mi1442 Charge 1-6 = 0.25
155-nirn howitzar M114A1 M1A‘T 7.500 rounds Charge 7 = 1.00 |No retubing
Charge 1-6 = 0.25
- | 185-mm howitzer M1 14A2 M1A2 7.500 rounds Charge 7 = 1.00 |No reiubing

Charge 1-6 = 0.25
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%-18. Barrel Maintsrnance

a. General. The two cardinal enemies of a
cannon are corrosion ana erosion. Corroston, or
rust, is caused primarily by the propellant residue
(praner salis) deposited in the cannon after firing.
The salts absorb moisture from the atmosphere,
and he solution thus formed combines chemically
with the metal of the barrel to form corrosion.
Erosion 18 a wearing away of the metal and is
caused primarily by heat, pressure, and abrasion.
Corroston can be prevented; erosion cannot be
completely prevented but can be retarded.
Procedures for preventing corrosion, the cleaning
solution and iubricants to be wsed, and practices
for retarding crogion are discussed in b through e
below.

b. Corroswn. Te prevent corrosiom, use the
following cleaning procedures:

(1) Clean the tube with vifle hore clesner
(RBC) the day of firing and for 3 consecutive duys
after firing, making a tctal of a least four
clcanings. After each cleaning, leave e coating of
RBC in the tube overnight. After tiie fourth
cleaning, if the weapon is not to be fired within 24
hours, wipe the tube dry, inspect the tube, and
lubricate vith oil, lubricating, preservative,
medium, at ‘emperatures above 32° F. When the
temperature is below 32° F, use oil, luhricating,
preservative, special.

(2) If the tube continues to sweat after the
fourth cleaning, continue daily cleaning until the
sweating stops.

(3) When the weapon is not being fired, clean
the tube weekly with RBC and then wire dry,
ingpect, ad reoil as described in (i) above.

¢. Cleaning solutions.

(1) Rifle bore cleaner. Rifle bore cleaner,
abbreviated on lubrication orders as CR,
evapcrates at 150° F; therefore, the tube should be
cool when being cleaned. Rifle bore cleanerisnota
lubricant, but it is effective as a rust inhibitor for
24 to 48 hours, and it should never be diluted.

(2) Alternate solution. When rifle bore cleaner
is not available, ai. alternate solution of %-pound
of castile or GI soap mixed in a gallon of water may
be used. Hot water is preferable because it will
digsolve soap more readily. The tube should be
cleaned while it is stili hot so that the soiution may
get into the pores of ihe metal o wash out the
primer salts. The same procedures as those
desgcribed in b above will be used in cleaning the
tube with this solution except that the tube must be
rinsed, dried, and labiicaied after each daily
cleaning.

d. Lubricanis.

(1) Qil, lubricating, presery save, wiil be uged
on the front bearing surface of the tube.

S St U e Ml s i S B M A i el Rt R L T PN

(2) Ml, Iabricating, preservative, madinn
will be used on »ll othe. bearing surfaces in

temperaiures rbhove 520 F.

(3 Oil, lubricating, preservative, special, will
be used if the temperature is below 32° F.

¢. Eroston. To retard erosion, employ the
following practices:

(1) Use the lowest. charge commensureio with
the migsion,

(2) Use the lowest rate of fire commensurate
with the migsion,
(%) 1t the weapon rest 10 minutes per hour,

(These resi periods are to be used for cleaning and
mainten.ance of the weapon.)

(«) Swab the tabe with cold water during lulls
in firing.
{1 Use clean ammunition,

(6) Be sure that the projectile ia properly
rammedq.

6-17. Bresch Ring and Breechbiock

a. The breech ring is threaded internally a:ul
screwed onto the end of the tube. It is locked in
position by a key inserted through the apper
forward wall of the breech ring. It supports the
breech mechanism (fig 5-13) and forms the

housing for the breechblock. It has lugeon thetop - 2
and bottom near the front edge for attaching t!w

counterrecoil and recoil piston rods. Quadraat
se: are located on the top of the breech ring.

b. The breechbiock is of the stepped-thieud,
interrupted-screw type. It employs the DeBang
obturator device for preventing ~asses from
escaping to the rear. The firing mechanism M1,

which is & percussion hammer type of mechanism,
18 used with the breechblock.

5-18. Countsrbalance Assemb'y

a. The counterbalance asserably (fig 5-13) 18 a
cylinder with closed ends. The cylinder contains a
relatively strong compression spring and :is
mounted on the breech ring. The spring is
compressed between the head of the cylinder and
the counterbalance piston. The coun:erbulance is
connected to the breechblock carrier hinge pin by
means of the counterbalance piston rod.

b. The purpose cf the counterbalance is to assist
in closing the breech. It also holds the breechblock
in the fully cpen position to facilitale loading the
cannon.

5-19. Disassembly and Megintanance of the
Breech Mechanism

[N

CAUTION: Do not attempt to disassemble the~ "%

breech mechanism with the breech partially or .

iully closed. If the mechaaism is disasseinbled
when the preech is partially or fully closed, the
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.
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Figure 5-13.  Breech mechanism--right rear view. - ;
E
SRTE RV She L PENTOY . . ) ] R
CeEEE .Null\ v m split rings and g a8-check pad will drop into the B
COUNTERBAT ANC ; .
IeIC T it AN Seactr threads of the bresch recess, which could cause

BODY PIRL o serious damage to ‘he rings and threads and

nrevent opening or closing of the breech,

a. Disassembly. To disassemble the -
breechblock (figs 6-13, 5-14, 5-15, h-i6, and

o i &

H 1TV
A D (1Y Remove the firing mechanisi. _
[REN L W At
\ (2) With the breech mechanism in the closed )

position, remove the breechblock control are.

Py

(3) Open the breech and place the
counterbalance eylinder spacer between the )
shoulder of the eye on the counterbalance piston \
rod and the counterbalance cylinder head. Then
swing the carrier toward the closed position until
the eye on the counterbalance pisten rod can be
lifted over the head of the hinge pin body pin.

CAl/TION: When the counterbalance spacer is
i position on the counterbalance piston rod, the
counterbalance should be handled oniv by the

i el et

cvlinder body. ]‘
(4) Rotawe the breechblock operating handle i
R AT AR and swiny the breech to the fully open position und .
/ remeove the firing mechanism housing lock #rrew. :
i Remove the socket head capscrew and thep
Q oo remove the safety latch stop and spring. Rotate the
Y ARG breechblock operating handle io the closed
position and shide the safety latch and rafety lnteh g
" , , plunger to the right. Unsecrew the firing R
“Figure 5-14.  Instelitng the counterbalance cylinder mechanism housing and vemove the fiving K
spacer on (or removing it from) the mechanism housing adapter, the objurator g
counterbalance piston rod. gpindle assembly, and the gas-check pad :
o
5-15
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ORFURATOR SPINOTLE

MINT EUSHING GRD e

Figure 5-16.  Obturator parts.

compressing spring. When the obturator spindle is
recioved, check the obturating spindle plug (for
proper peating of the primer) by inserting an
wnfired primer into the spindle plug (fig 5-18) and
pregsing it 1 vith thumb pressure. The flange of
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BREECHBLOCK CARRIER
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T BREECHBLOCK DRIVER RETAINING RING LOCK SCREW
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-~ BREECHBLOCK CARRIER GEARING WASHER
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————-~- BREECHBLOCK DRIVER
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Breechblock carier and breechblock actuating parts—exploded vietw.
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Figure 5-17.  Rreechblocit fraon rear.

the primer should no! be less tnan Y inch from the
rear face of the plug. If this distance ia less than 4
inch, notify ordnance maintenance pexsonnel.

D) Remove the safety latch, plunger, and’
obturator spindle sleeve.
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(6) Remove the breechblock from the
breechhlock carrier.

(7) Remove the breechblock (ziver retaining
ring loc screw which hoids the breechblock driver
retaining plain round nut to the carrier, unscrew
the retaining plain round nut from the carrier, and
remove the driver.

(8) Remove the breechblock operating handle
retaining shoulder bolt and remove the
breechblock operating handle. Unscrew and
remove the crankshaft journal detent.

(9} Slide the cross head off ita pivot. Withdraw
the crankshaft journal from its bore and remove
the breechblock operating handle crankshaft.

(10) Drivethe detent out of the hinge pin collar
and remove the collar. Withdraw the hinge pin
from the hinge lug and remove the breechblock
carrier from the hmge pin lug Remove the
breechblock aliring carrier bearing washer.

OBTURATOR SPIMDLE
i~ 1 BN MIN

PRIMER

OBTURATOR SFINDLE
PLUG GASKET

b. Maintenancz. The breech mechanism is
subject to contamination from powder residue
working its way (. and through the obturating
parts. For this reason, the mechanism must be
disassembled end cleaned periodically to insure
proper functioning of the weapon. Cleen the
obturating parts in the same manner as prescribed
for cleaning th harrel on the day of firing and for 3
consecutive days heroafter. Clean the breech
mechanisni, except the gus—-check pad, with rifle
bore cleaner. Remove all powder stains, rust, or
burs by using crocus cloth if necessary. Wipe the
gas—check pad with a clean dry cloth or clean it
with hot scapy water and wipe it dry. After
cleaning snd drying the mechaniem, use the
proper lubricants as preacnbed by LO

‘$9~1025-200-10 Lbefore reassembling the parts.

6-20. Assombly of the Bresch Mschanism
To assemble the breech mechanism—

a. Place the breechblock carrier bearing washer
on the lower lug of the breech ring which supports
the breechblock carrier hinge pin lug on the
breechblock currier. Then place the carrier
assembly with the washer assembly into position
between the hinge pin lugs on the right side of the
breech ring.

b. Support the carrier in the above position and
insert the breechblock carrier hirge pin from the
top. Fush the pin downward thr:h the hinge pin
lug and breechblock ceriier.

¢. Slowly rotate the hinge pin so that the square
portion, at the lower end, will enter the square hole
in the driving washer and be positioned in such a
manner that an extension of the two flat surfaces
at the bottom end of the hinge pin would run
rearward and to the left. Ifthe hinge pin sticks, use
a wooden or leather mallet to tap it downward,
being careful not to strike the oilcan point in the
top of the pin. °

d. Place the breechblock carrier hinge pin in
such a position that it will receive the
counterbalance when the breech is in the partially
closed position.

e. From the inside of the breechblock carrier,
insert the operating handle crankshaft assembly
into the bore through the right side of the carrier.

7. Insert the crankshaft journal, small diameter
end first, into the crankshaft bore from the outside
of the carrier. Screw the crankshaft journal detent
into the rear of ihe carrier to secure the journal.

&. Fit the breechblock operating handle to the
slot in the crankshaft journal and secure the
handle to the end of the crankshaft with the
operating handle retaining bolt. .

h. Place the breechblock crosshead on the arm
of the crankshaft.

i. Slide the breechblock driver onto the hub of
the breechblock carrier and screw the breechblock
driver retaining plain round nut onto the carrier
hub. Secure the breechblock driver retaining ring
lock screw.

J. Place the operating handle in the vertical
position and slide the breechblock assembly onto
the splined hub of the breechblock driver. Holdd the
driver 1n such a position that the lug on the
breechblock body will fit the open side of the large
circuiar flange on the right side of the driver, Aline
the breechblock body so that the crosshead can be
guided intoi‘s groovein the breechblock assembly.

k. Insert the obturator spindle sleeve into the
breecliblock carvier, aline the key on the sleeve to
the keyway in the carrier bore, and slide thesleeve
forward. Replace the safety latch and safety latch
piunger. Insert the obturator spindle assembly
into the bore of the breechblock, insuring that the
split rings are in the proper position (splits
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opposite one another), and through the bore of the
obturator spindle sleeve. Place the gas-check pad
Sompressing spring inio the rear bore of the carrier
and press the firing mechanism housing adapter
11 behind the spring.

WARNING: Failure to insgtall the firing
mechanism safety latch plunger will permit
inatallation of the firing mechanism M1 before the
breech is completely closed and locked. Firing the
howitzer, with the breech not locked, will produce
breech blowback with possible serious injury to
personnel. The practice of omitting the firing
mechanism safety latch plunger during assembly
of the breech mechanism is strictly prohibited.

l. Screvw the firing mechanism housing and
firing mechanism housing adapter onto the
obturator spindle as far as it will go and then back
it off slightly to the nearest position in which the
hole in the housing will aline with the safety latch
plunger. This must be done to allow the plunger to
enter the hole freely and to allow installation of the
firing mechanism housing lock screw. Rotate the
breechblock operating handle to the open position
and replace the firing mechanism housing lock
acrew. Install the safety latch stop spring and
socket head capsacrew.
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m. Set the headaspace. The headspace, as
measured by the headspace gage, is the distance . - .
between the rear face of the firing mechanism - .-
housing and the end of the obtu:  r spindle plug.
Excessive headspace can resu:. in a ruptured
primer and early failure of the spindle due to gas
erosion, commonly known as gas wash, in the
primer seat. To check the headspace (fig 5-19),
insert the headspace gage into the firing
mechanism housing. If the headspace is adjusted
corvectly, there will be a space of 1/16 inch (plus or
minus 1/32inch) between the rear face of the firing
mechanism housing and the shoulder of the
headspace gage.

n. With the operating handle downward, insert
the breechblock control arc into its recess on the
right side of the breech ring and secure it with the i
breechblock control arc screw. u:

o. Swing the breechblock toward the closed :
position until the eye on the counterbalance piston N
rod can be replaced over the head of the hinge pin -
body pin. Open the breechblock and remove the .
spacer from the counterbalance piston rod. a

p. Carefully swing the breechblock into the
closed position, easing the breechblock into the

FIRING MECHANISM HOUSING

TFIRIN
MECHANISM
HOUSING FIRING
AD_APTER " MECHANISM
' HOUSING
OBTURATOR  HEADSPACE GAGE - '-
SPINDLE 4933-722-5957
\\ PLUG ’ 7 1
, / N
T 77 -
~—:I WRONG J
_ Y |
S :
}7«"‘ /T, vt .3
/ Z//// Z// ; Z/ZZ//W e d
HEADSPACE GAGE - 4933-722-5952 WE 64580A
Figure §-13. Checking headspace. :j
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breech recers without permitting the edges of one
part to strike those of another. Check the operation
of the breech mechanism and the adjustment of
the couriterbalance. If the counterbalance is out of
adjustment, adjust it us follows:

L I @\, y

(1) Open the breechblock enough to insert
counterbalance cylinder spacer(D)between the
counterbalance piston rod end @)and the
counterbalance cylinder head (3). ‘

{2) Close the breechblock sufficiently to lift
the counterhalance piston rod end @)from the

hinge pin @).

Note. To prevent the counterbalance cylinder
spacer ! from slipping off of the counterbalance

"+ piston rod(@)when the rod is turned, a hose

[
e
o

clamp (@ should be placed on the spacer to secureit
to the rod.

ST e N T T NG e S et e T e e
S, | 1..{1' b, OGILU VO, S i "N P e ML DL Ty T D T, 2 N ST Y

§-19

(3) To adjust the counterbalance, use a
wrench B)to turn the piston rod (2}. To decrease
the breech closing effort, turn the pision
rod @ clockwise to tighten the spring. If the
counterbalance closes the breech with too much
force, turn the piston rod counterclockwise to
loosen the spring.

Note. 3o not turn the piston rod more than ten
complete turns in a counterclockwise direction
from its original position; to do so may reverse the
piston rod and render the mechanism inoperative.

(4) Reconnect the piston rod and test the
adjustment by opening and closing the breech
mechanism. If forther adjustment is required,
repeat the adjustment in paragraph (3).

B8-21. Firing Mechanism M1

a. General. The firing mechanism M1 (figs 5-20
and 5-21) consists of the firing mechanism
housing assembly, the firing pin, and related
parts. The firing pin housing, the firing pin guide,
and the primer holder retain the firing pin in
position. The firing mechanism M1 screws as a
unit into the firing mechanism housing in the rear
end of the breechblock carrier.

FIRING MECHANISM
LOCKING B UNGFR
\

FIRING MECHANISM
VOCK NG PLLINGER
HANDLE

i

FIRING PIN

RIM OF PRIMER
INSERTED HERE

FIRING MECHANISM

HANDLE ARM RAPD 1439418

Figure 5-20. Firing mechanism M1--
front and rear views.

b. Fypctioning. With the primer inserted in the
primer "holder, the firing mechanism is screwed
clockwise into its housing. A stiong pull on the
lunyard attached to the percussion hammer will
cause the percussion hammer to sirike the firing
pin; the firing pin will move forward, striking the
primer, The firing pin spring will retract the firing
pin froin the primer. It the breechblock is not
completely closed, the firing niechanism cannot be
screwed completely into its housing. This will
position the safety rim o:: the firing mechanism
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Figure 5-21. Firing mechanism M1—detailed view.

M1 in such a way that it will prevent the
percussion hammer from striking the firing pin.
6-22. Disassembly ¢ the Firing Mechanism M1

a. Remove both safsty setscrewa from the firing
mechanism block (figs 5-20 and 5-21). Do not
loosen the shoe under the setacrew from the firing
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pin housing. Unscrew the firing pin houeing
sounterclockwise from the rear of the firing
mechanism block.

b. Remove the firing pin and the firing pin
spring from the rear of the block.

¢. Unscrew the primer holder clockwise from the
front of the block. Remove the firing pin guide.

d. Clean all parts with rifle bore cleaner. Wipe
the parts dry. Inspect the parts and oil them with
oil, lubricating, preservative, medium or special.

5-23. Assembly of the Firing Mechanisiv M1

a. Insert the firing pin guide and screw the
primer holder counterclockwise into the firing
mechanism block from the front of the block.

b. Insert the firing pin and firing pin spring
from the rear of the block.

¢. Screw the firing pin housing clockwise into
the vear of the firing mechanism block. Insert both
safety setscrews into the firing mechanism block.
These setscrews must be flush with or below the
firing mechanism block.

'Se'ction IV. RECOIL MECHANISM

B-24. Type of Recoil Mechanism

The recoil mechanism employed in the 155-mm
howitzer, towed, is of the hydropnematic, variable,
independent type with floating piston. An
explanation of the nomenclature follows.

a. Hydroindicates that the 1nechanism employs
a liquid; the liquid used is recvil oil. Recoil oil is a
petroleum-base hydraulic fluid. There are
presently three types of recoil vil (OHT, OHA, and
OHC) aunthorized for use in field artillery weapons.
OHT is the preferred oil because it provides greater
protection against corrosion. The oils can be
mixed; however, mixing should be avoided if
poseible because mixing may tend to dilute the
protection (additives) of one or more of the oils. A
recoil mechanism that contains a mix*nre of oils
should be drained aud refilled with the preferred
OHT as soon as it becomes available. All three oilg
are red and have a temperature range of opertion
from -65° F to +150° F.

b. Pneumatic indicates that a gas is used. The
ges used in this weapon is nitrogen, whch is
relatively inactive and will not react on metal to
cause corrogion.

¢. Variable indicates ' at there is a mechanical
means for varying the length of recoil. Under
normal operating conditions, the length of recoil
varies from 41 inchee to 60 inches, depending on
the angle of elevation,

[ R T S VA T A Sl M ‘a Fn
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d. Independent indicates that there is no _
pssage for liquid between the recoil cylinder and -

the recuperator cylinder.

5-26. Purposes of the Recoil Mechanism
The purposes of the recoil mechanism are—

a. To stop the recoiling parts. The recoil porticn
of the recoil mechanism must absorb and control
the rearward thrust of the weapon when it is fired
to prevent excessive shock to or displacement of
the carriage.

b. To return the reroiling parts. The recoil
mechanism causes the recoiling parts to return to
the in-battery position,

c. To prevent shock. The recoiling parts must be
returned to the in-battery position without
excessive shock.

d. To hold the recoiling parts. The tube and
other recoiling parts must be held in the in-battery
position during travel and at all angles of
elevation prior to firing.

E 8. Components of the Recoil Mechanism
T'he receil mechanism (fig 5-22) is mounted on

the cradle and held by the cylinder yoke. It ig —my
composed of the recnil cylinder, the variable recoil -~ .-
and the

cam assembly, the replenisher,
counterrecoil and recuperator cylinders.
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Figure 5-22. Recoil mechanism removed from carriage—left side view.

a. Recoil cylinder. The recoil cylinder (fig 5-23)
is the large cylinder beneath the tube. The recoil
piston, liner assembly, and piston rod are drilied
concentrically to provide tiie bore in which the
recei’ throttling rod is located. The rear end of the
throttling rod is tag .red to form a spearhead type
of buffer, and the end of the hollow piston rod
forms a dashpot type of buffer chamber. Therecoil
throttling rod is attached to the packing head at
the front end of the racoil cylinder. The throttling
rod has two long and tvo short grooves of varying
depths cut lengthwise in its surface. Two of these
grooves are 180° apart, and each is 41 iriches long.
The other two grooves are 180° apart, and each 1e
60 inches long. Reccil oil must flow through the
grooves in the throttling rod in order to pass from
one side of the recoil piston to the cther. At least
two of the four grooves must be alined with the two

raay ports in the recoil piston tec permit the flow of oil.

b. Replenisher. The replenisher (figs 5-22 and
5-23) is a small cylinder containing a
spring-loaded piston and is located on the left side

5-21

of the recoil cylinder yoke. The purpose of the
replenisher is to maintain the proper amount of
recoil oil in the recoil cylinder at all times. The
replenisher compensates for the contraction and
expansion of oil due to temperature changes and
changes in volume of oil required in the recoil
cylinder during the recoil and the counterrecoil
strokes. The replenisher also provides a means of
checking the quantity of oil in the recoil system.

¢. Counterrecoil cylinder. The counterrecoil
cylinder is the amaller of the two cylinders above
the tube. It contains a piston rod and a piston. The
counterrecoil piston rod is connected to the lug on
the breech ring. The piston is fitted with an oiltight
packing. The counterrecoil respirator in the front
end of the counterrecoil cylinder is equipped with a
spring-loaded ball check valve. The purpose cfthe
valve is to release air and any oil which may seep
past the piston from the front of the cylinder when
the piston moves forward during counterrecoil.
The counterrecoil cylinder is interconnected with
the recuperator cylinder by an oil passage.
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MOVEMENT OF
FLOATING PISTON
2 3

RITROGEN BEING ) {1

RECULATOR VALVE
PORTS OPEN

COUNTERRECOIL 10 9 MOVEMENT 8 ]
SYSTEM

QF ROD

RECOIL SYSTEM

1-—Recuperator charging valve
2-~-Recuperator cylinder
3—Recuperator floating piston
4—Recuperator cylinder regulator valve
5—0il index
8- -Recuperator cvlinder filling vaive
7—Counterrecoii red stuffing box head
8—Counterrecoil and recuperator cylinder head
stuffing box
9—Counterrecoil cylinder
10—Counterrecoil piston rod
11—Counterrecoil piston assemb'y
12-—Counterrecoil cylinder respirator assembly

ORD F9X4

13—Replenisher oil filling valve plug

14—0il reserve in replenisher

15—-Recoil throttling rod

16—Recoil rod stuffing box head

17—Buffer chamber in bore of recoil piston rod and liner

assembly

18—~Recoil throttling rod

19—Recoil cylinder

20—Variable recoil cam shaft
21—Recoil piston and liner assembly
22—Variable recoil cam

23—Gear sectors

24—Throttling rod packi~g head

Figure 5-23. Recoil mechanism—-recoil action

d. Recuperator cylinder. The recuperator
cylinder is the larger of the two cylinders above the
tube. It contains a floating piston and the
regulator valve assembly. Th flcating piston
provides a movable liquidtight and gastight seal
to separate the nitrogen gas in one end of the
cylinder from the oil in the other end. The regulator
valve assembly is housed in the rear end of the
recuperator cylinder. It permits a free flow of oil
from the counterrecoil cylinder during recoil but
regulates the flow of oil back inte the counterrecoil
cylinder during counterrecoil. A recuperator oil
index is located at the rear end of the recuperator
cylinder. It indicates the presence of an oil reserve,
which is necessary for the proper functioning of
the recoil mechanism. When no oil reserve is
present, the rear end of the flcating piston presses
on the oil index actuating rod. This rod actuates a

m.al o m
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gear which, in turn, moves the oil index. This
action withdraws the r. .r end of the cil index into
the outside face of the recuperator cylinder head.
The weapon should not be fired when the oil index
has been withdrawn into the recuperator cylinder
head, siace this indicates that no oil reseruz is
present.

e. Variable recoil cam assembly. The variable
recoil cam assembly is a device for controlling the
rotation of the recoil throttling rod.

5-27. Functioning-—Recoil Cycls

a. Recoilcylinder. When the weapon is fired, the
tube recoils in the cradle (fig 5-23). Since the
hollow piston rod (piston and liner assembly) is
connected to a lug on thie bottom of the breechi ring,
it is drawn to the rear with the tube. As the recoil
piston is drawn to the rear, oil is forced through
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two ports in the recoil piston and through the
throttling grooves to the forward side of the piston.

-~ As the oil passes through the tapered throttling
grooves, the flow of oil from the rearward side to

. ~
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the forward side of the piston is gradually reduced
and finaily stopped. This throttling action absorbs
the greatest portion of the recoil energy.

b. Counterrecoil and recuperator cylinders.
When the weapon is fired, the counterrecoil piston,
being connected to the top of the breech ring,
moves rearward with the tube. The oil in the
counterrecoil cy' 1der is forced through an oil
passage and inty the recuperator regulator valve
assembly by the counterrecoil piston. The flow of
oil under pressure opens a spring-loaded valve in
the regulator assembly, permitting a free flow of
oil against the floating piston. The floating piston
moves forward, compressing the nitrogen gas.
Thus, the throttling of oil in therecoil cylinder, the
increased compression of the nitrogen gas in the
recuperator cylinder, and the friction of moving
parts stop the tube in recoil.

5-28. Functioning— Counterrecoii Cycle
a. Counterrecoil and recuperator cylinder.

(1) When the force of recoil 18 overcome, the
tube stops, the flow of recoil oil stops, and the
spring-loaded valve in the regulator val